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ENERGIES AND HETEROGENEOUS CATALYSIS. 


Academician A. A. Balandia 


The majority of reactions of organic catalysis belong to the doublet type: A-B+C-D =A-D+ B-C, We consider 
that they proceed through an Intermediate multiplet comptex, M. We denoie the heat of the first sage, the formas 
tien pf M, by E’ and that of the second stage, the decomposition of M, by E"*. Within Mmits(for details see (1) 3. 


- 


= + OBK) + (“ICD +OCK +QDK) | 


where Qs the bond energy and K represents the catalyst, The reaction proceeds the more easily (Le, the specific 
tate is the greater and the reaction temperature for a given rate Is the lower) the less the hefght of the energy bare 
-Het(—F); E is the lesser of the two values E’ and E"*, Thus, the reaction must procced, mece easily the greater fs E.: The 
_ Slectvity of the catalyst depends on the chemical natures of the atoms A, B, C, D, K, since Q depends on them, . 
Therefore, knowledge of bond encrgies {s Important in choosing catalyst. 


The pre-ert work was provoked by the appearance of compilations of ncw values of Q (Cottrell [2] and Huggins 
[3J. the latter Hist being In close agreement with, but less detailed than, the former) and by the necessity for the ace 
cumulsuion of knowledge on catelys's in the field uncer consideration, In Table 1 {s given a list of bond energies 
important In organic catalysis. The upper part of Table 1 gives the( primarily thermochemical)energies of bonds, 
Qag. in ike inoiecules(zecording tof2)), In the last column of Table 1 are entered the energies for the rupture of 
tine, first reactingbords of C = C, C = N, C= 0, C = S(forC = O, the average of the values for aldehydes, 81.9 kcal, 
eed berones, €4.9 keal., was taken). In che last line of Table 1 fs given Q for the reacting atoms with the mostitudied 
estalyst, ~ nickel, QAN{< 


TABLE 1 


Fond Energie:, and io keal / mole 


47 
(64) 


713 
60 
24 

6 


56 


18 


110.6 
52 
48 
45.3 
48.5 


87.7 


65 


56 
13 
42 


104.2 

103.2 
87.4 

135 
55 


$7.9 


52.1 
60.5 
67 


46.1 
50.6 
54 


37 
98 


The values of Qanj were determined by us in the following manner. The bond energies of Ni with Cl, Br, 
F, and S were calculated from receat thermochemical data [4] on the heats of formation of NiC};, NiBr,, NiFs, aad 
NiS and tue data of Table 2. The bend energy of Ni-H was determined in the same way from NiH, and NiH 4), and 
was found to be 55 keal. For the bonds of Ni withC, N, and O, the bond energies, Qany were found by comparing 
the ease with which catalytic reactions proceeded. Stich comparisons of fixed values of Opry. O 
Qsni, feappears, fixes the values of Qenj, Onni, Cony with an accuracy of several kilocalories, At the same ine 
the values of 48.5 for Qo, found by this method proved to be Jower than the thermochemical value of 59 keal, 
(from NiO). At present, there are no thermochemical data for Qenj 294d Onn (we have set up work for their detere 
mination), but the values of Table 1 fall In the order Ce N< Qin agreeiacnt with data from fasiganic chemistaz 
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Cc 66.2 7 46.7 
77.1 44. 83.4 
H | $05 84.3 
37 | - 
Br $8 - 1 


As In all additive systems (as, for example, for molecurar refraction), it necessary to consider constitutlve 
corrections. For doubly bonded C there is introduced the scparate value Q =cyyj = 19 (in the same way as was done 
for hydrogenation (1,5]). This same value fs taken for C in reverse reactions, since Q: Cnji tefers to the Intérmediate 
complex. For example, Q=cyj°=19 fs used for both hydrogenation and dehydrogenation, | 


TABLE 2 
Heats of Decomposition into Atoms for Elements in Their Standard States [2]. 

' 138 85.6 59.2 66.3 §2.1 21.5 185 | 289 26.7 25.8 


For further increasing the precision of the small correction for a double bond, it is probably necessary to introduce 
also values of doubly bonded N, O, and §. Other constitutive influences are the energy of stabilization of consolida- 
tion, o, 2nd the influence of substitcents at atom A [6), which are partially compensated fn catalysis since Qag and 
Qax enter into Equation 1 with opposite signs. Still another correction is the reduction of Q to O° K, which should 

: be done since we are dealing with an elementa! process. Certainly, the data of Cottrell must be refined. Thus, for 

‘ example, Dy, . the energy of dissociation of Nz, and Ag the sublimation energy of C, must be increased (conceming 
Dx,+ see, for example, [7]). However, this does not influence the conclusions [1], since both Qag and Qay 
increase equally in Equation(1). However, according to Steacie (8),A¢ =141.26, which fs close to = 138 kcal, in (2}. 
Also pertaining to increasing precision is the introduction of individus: bond energies. Therefore, Table 1 Is still 
idealized, butis improved in comparison with the corresponding table in {1}. For comparison with the new values 
Of earlier velues(1) ares 7: Qcni = 22 (for hydrogenation) ; Onni = 16: Qoni = 59; = 433 
Ouni = 53: Ocini = 66: Og.ni = SO; Ogni 7126 keal. For selectivity, it is important only to have the relative 
values of Q and E, and not thicis absolute values. Calculations show that the former rules are preserved with the new 
values of Q. The series for the 20 reactions of Tables 3 and 4 (for substances not containing Cl or Bd, which fa agrees 


the = experiment, was obtained with all values of Qani - for the number of reacting atoms( H.C, 


: 
‘ 


forReactions on Ni Catalyst, keal. 


Hydrogenolysis reactions are assembled In the lower series of Table 3, The calculated order of E agrees with 
that found earlier for known reactions (1), and are confirmed by experiment (over 200 reactions (9}). 


The upper series of Table 3( where C is —C) gives the order of increasing E for the dehydrogenation of hydro- 

carbons, for the formation of secondary amines from primary (for example, diphenylamine and NHy from aniline, where 

- the bond C-N approximates = C-N), for the dehyrogenation of amines, for the dehydration of alcohols, for the dimeriza- 
tion of ethylene to butene, for the migration of C = C in the chain, for the dehydration of alcohols, and for hydrogena- 
tion of C=N, the first stage in hydramination of ketones. All of the enumerated types of reactions actually proceed 
over Ni. In the maiu, this series also agrees with the series in Table 5 of (1], the chief difference is that hydrogen 
olysis of the C-C bond now has an E” less than fo: dehydrogenation {and actually, cyclopentane splits its ting more 
difficultly than cyclohexane is dehydrogenated), Reactions of sulfur compounds are not in line. They do fall {nto line 
if the value for Qsnj_ is taken as less than the thermochemical value (as for Qoni); however, the reactions of sulfur 
compounds over Ni have been studied but little.” Secondary differences are teactions the relative positions of which 
are little known. Some values of E in Table 3 were calculated for the first time. For the hydrogenolysis of N-Br and 
O-Cl bonds {1¢), calculations by means of Table 1 gives E = £', -10 and -12, respectively, (or 2 and S keal/ mote if 
soivation of the HCl and HBr formed {s taken {nto accoung). ae 
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) 
HH HN AK -H OH Co HE H N H | 
“485 -255 -18 -17 6 6 LYE") 18.5(E") 


_ TABLE 4 


Ecale, for Hydrogenation ove: Ni, keal. 


H 


~-10 


In Table 4 are given values of E* for reactions which can occur during the hydrogenation of furan — 
over Nis E” was calculated by means of ere and Table 1. 


Peak 3 of the curve for the hydroe 
genation of the furan C=C bond (see Figure 1) Mes 
significantly below (by 8 kea!) peak 1 of the curve 

i he for the hydrogenation of the olefinic C=C due to 

Ja ktel the presence of stabilization eneigy( o = 16) 

44 and to the fact that the ordinates of the peaks are 

equal to half the heats of reaction, v. It Is natural 

— the distance lengthwise to the ordinate 
axis — is grezter for Reaction 3 than for Reaction 

: 1 [but less thon for the hydrogenatica of the C-O 

Figs i. bond ‘Curve 2). For purposes of calculation, we 
ee assumed that M still contains (as a maximum) half 
of g. Then, the heat of formation of the Intermediate complex in the hydrogenation of the furan bond Is 


Ja g 


Comparing Equation (3) with Equation (1) for the hydrogenation of olefinic bonds (where we denote E* by 
EL). we see that EF = E,- o/2andQ = Ozcnji+ 4. Other reactions where o takes part may be treated 
analogously. Thus, in view of the defor da -¢ nature of M, it is possible to obtain E” forFeaction 3 by subtraction of 
8 kcal from E’ for Feaction 1, and E’ for the hydrogenolysis of the ether bond of furen can be obtained by subtractiog 
of 8 kcal. From E" for the hydrogenolysis of =C-O bonds. These values have been included in Table 4. Table 
4 shows that during the hydrogenation of derivatives of furan an olefinic bond in a chain is hydrogenated easiest 
of all, then (in order of increasing difficulty): 3 carbonyl bond In a chain, the C=C(F) in the furan sing, thea: 
comes the formation of spirane, the rupture of C-O in a chain, and ~ at the very highest temperature — rupture 
of the C-C bond. Decomposition of the ether bond in the furan ring, C-O(F) (E’ = “12)(Cuive 3a, Figure 1), during - 
hydrogenation over Ni almost docs not proceed, since the C=C(F) -12) is hydrogenated first, whereupon 
the furan system disappears, and hydrogenolysis of the ordinary C-O bond proceeds with difficulty (E° = -17 kcal), 
It has recently been found 12) that the ether bond fs partially affected, but at higher temperatures In agreement 
with Table 4. The order given in Table 4 is confirmed by more than 80 transformations of furan derivatives [5]. 


The profite of the potential energy of the dehydrogenation alcohols over Ni, presented previously (13), appears 
ioe changed when using the figures of Table 1 [see Figure 2(for a primary alcohoD 


Reactions involving shortening of the carbon 
chain by the action of CO, [14] over Ni (as well 
reactions) are explained, as before, by 
the fect that the values of E for the different stages 
in [14) differ fiom those calculated from Table 1 
by several kilocalories. Also in conformity with Table 
1 ts the reduction of halogen derivatives by hydrogea 
_ over carbon (15) which Is impeded, not by the ads 
sorption of the starting material, but by the desorpe 
Fig. 2, tion of HC] and HBr E'> 0, Ee 0, 


In peasives work [16-18], Qay has been Bees wih various catalysts, the values being éctermined, 


2 


morby put by the catalytic method ‘from the dehydrogenation of hydrocarbonsy!), from the de- 
hyd:ogenation of alcohols (I), and from the dehydration of alcohols (II). Substitution for the system of bend energies 
Qag fro: {1} of the system 94:1 [2] Jeads to‘only small corrections: 1.5 keal. should be subtracted from given 
in 5.7 kcal. should be added to Qcy and 2.1 kcal. should be added toQoy. After making such corrections 
for Reactions i, 1; and itl, the half sums of the energies of bicaking and making bonds will be 2/2 * 165.4, 194.3 
162.5; and u/2 * -15.4; 6.7, —5.1; instead of the former s’2 = 179, 190, 1£4, and u/2= -13.%; —7.5, and 
ke al., respectively. “Thi s merely shifts the voleano-snaped cuives some:/hat. The Lond energies Cctermined 
by ‘netics for chromium oxide are? = Clee, = 12-9: = 72.8 keal., and, at appear to 
be faiily close to the data of Table 1 for Ni. 


The adsorption potential, q, for from [19 is changed’ y +4 Qy, and + n for GH,0. * hile 
the change of origin Gu, is changed fiom 169 to 189 and 9H,0 from 117.5 to 142 keal. The coordinates of the 
volcano-shaped curves aie similar to those stated above. 

: 

Thus, changing from the former system of bond energies {1} to the new ineseal one (Table 1) does not change 
the earlicr conclusions. The selectivity of catalytic action can be expressed through bond energies with the catalyst, 
Qax- It isnew that in some cases Q,y appears to be somewhat lower than the thermochem ical values, this fs an 
principle. 
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THERMAL CHLORINATION OF. PROPANE 


B. A. Krentsel, Academician A. V. Topchiev and D. E. Ililyina 


- 


The question of the chlorination of prepane has been discussed comparatively little in te Hterature,there 
‘bein only a few works by foreign investizators{1-3]. Meanwhile, the preparation of chloro derivatives of pro- 
pane assumes considerable interest both from the point of view of broadening our ideas on the mechanism of 
chlorination reactions of the lower paraffinle hydrocarbons and in connectica with the use of chloropropanes of 
Various degrecs of substitution fn indusuy. 


EXPERIMENTAL 


The chlorination of propane was carried out In a laboratory flow-sype apparatus. Propane from a cylinder 
pacsed succes:ively through scrubbers filled with 98 % sulfuric acid and 207 solution of sodium hydrokide, respece _ 
tively; dhen through a drying column filled with calcined calcium chloride. The amount of propane was mncasured 
with a rheometer following the drier. Chlorine was passed from a cylinder through a scrubber filled with 98% 
sulfuric acid; a rheometer, and entered a mixing vessel where {t was mixed with propane in the deslred propore 

tion, Frem wie mixing vessel, the mixture of reacting gases passed into the reaction tube, which was located 
in an electric furnace fined with a temperature controller. The temperature in the reaction zone was measured 
with a thermocouple and galvanometer. The reaction products from the reaction tube were passed Into a recefvet 
“fined with a reflux condenser and then {nio a system of taps cooled successively by ice and a freezing mixture 
of solid carbon dioxide and isopropyl alcohol. The unreacted propane and the hydrogen chloride formed In the 
reaction were nassed to 2 spray-type water scrubber for recovery of the hydrogen ne 


In separate experiments, the quantity of unreacted chlorine was determined by means sof a solutfoa of 
“potassium iodide (titration of the Mberated fodine with hypoz ite). The liquid reection products were washed 
with water, neutralized with « 20% solution of soda, and then, after a second water wash, were dried over cale 
cined calcium chloride, The conposition of the orisinal propsne as determined by low-temperature fractional 
analysis wos : CH, 95.3 weisht C,H,, 4.2 weight 0.5 weight By 


The dependence of the decree of chlorine consumption ca the temperature in the reaction zone. With 
the aim of determining the temperature limits for the thermal chlorination of propane, a study was, 

. Cattied out on she dependence of the degree cf chlorine consumption on temperature, The experiments were 
carried out with a mole ratio of C;Hg: Cl, of 2: land ata spece rate cf 30 hours “2. The data thus obtaized are 
presented in Table 1 and Figure 1 (Curve 1), from which it {s seen that, during the thennal chlorinatioa of pros 
pane. a chlorine Sera ide of 1007 was reached ata temperature of 300°, 

TABLE 1 


Temp., °C 175 263) 298300 
Reacted chlorine, % $.8 7.9 27.9 29.8 40.2 69.4 177.5 98.2 99.2 100.0 


It was shown by us previously (4) that filling the reaction zone with an inert packing, for example, with Pleces 
of Gass rod, had a substantial influence on the degree of chlorine consumption at comparatively low reactioa 
temperatures during the therma! chlorination of n n-butane. In this connection, it was interesting to Investigate, 
in this case, the influence of an incrt surface oa the chlorination of propane. For this pores: in a separats series 
of experiments the reaction tube was filled with picces of {lass rod (total surface, 386 em*), 


As be seen from Figure 1 (Curve 2),in this case the chlorination of prepane began at a Jower tempera 
ture if ble temperature limiis.chiosine consumption in the empty tube was lower than In the 
sathed lube, This Isespeciaily noticeable at tempcratures up to 230-240", However, as we observed during the 


Fig. 1. 


TABLE 2 


chlo-inatlon of n-butane, complete chlorine consumption tn the empty tube and fn the tube filled with Inert pachtng 


was reached at a temperature of 300°, 


3 


8 


% 


= 


~ 


WO 209) 


Dependence of the Yield of Chlorination Products on Space Raie, 


220 


‘Dependence of the degree of chlorine consump- 
tioh on temperature, 1) Empty tube, 2) packed tube. 


the surface predominated over the rate of chain 


From the point of vicw of a chain reaction, 

the results can be explained in the following manner, 
At low temperatures, at which chlorination began 

in the packed tube, the rate of chain formation on 


breaking on the surface, At these temperatures, 
conscquently, an increase in surface-to-velume 
ratio necessarily led to facilitation of the reaction, 
as was observed in our experiments (the lowertem- 
perature of reaction initiation and the greater de- 
grce of chlorine consumption in the packed tube 
in comparison with the empty onc), With anio- 
crease in temperature, the rate of chain breaking . 


on the surface approached (or surpassed) the rate 
of their formation on the surface. The possibility 


that, with an increase in temperature, the emer- 
gence of homogencous chain forination began to 
have an effect is not excluded, The increase In 


temperature eer not have kad an effect on-chiaio breaking in the open space, which in the given reaction, must 
have been the result of thice- -body collisions, 


- 


It is proper to note here thst, a-cciding to the data published by Taft and Stratton( 5}, during the photochemle 


Experiment Temp.. °C] Experiment dura- fole ratia} Space sate, Product composition, weight % 
tion, min. hour? Nonochloro-}| Dichloro-}| Trichloro- 
propanes propanes} propanes 
. 310 265 6.9421 46 48.2 41.0 10.8 
99 315 220 0.8-31 78 34.0 3.0 
112 314 739 171 12 51.7 “as: 
122 314 410 0.9521 42 47.9 40.5 - 11.6 
94 319 318 38:1 | 85: 8.0 11.0 
114 -310 609 28 84.7 15,3 
95 319 300 1.3921 57 69.5 24.7 5.8 
96 327 360 1.47<¢1 28 69.6 26.9 3.5 
98 320 349 1.16:1 37 53.5 138.4 8.1 ; 


- 


cal chlorination of isobutane tie reac.ion proceeds to a considerable extent on the surface of the reaction vessel, 


on which the concentration of :eactanis is higher than in the gas phase, Acecrding to the recent. data of Chambers 
and Ubbelohde, during chlorination of Cg - 


Cy paraffinic hydsocarbons by treatment with certain reagents aa 


Influence of space rate and ratio of reactants on produet4 yield in the thermal chlorination of pronane, The 


feacting mixture, 


mnMuence of space tate on prodcut yield in the thermal chlorination of propane was studied at a temperature of 
300°; the space rate was varied from 11 to 85 hours” . The data are presented in Table 2, 


As secn from the tabie, variation of the space rate within the limits studied had litue effect on the ratios 
among the chlorop-opanes of differing degrees of substitution, These ratios depended on the composition of the 


effect analogous to that of the reaction tube fiiied with anor packing eccuis on the surface of the reaction vessel, 


The experlmental data obtained during the study of the effect on product composition of propane-tq-chlo-. 
tine ratio are presented in Figure 2. As would be expected, an increase in molar excess of hydrocarbon In the re- _ 


acuon mixture led to a decrease in the yiclds of di- and tichiore propancs, 


Influence of reaction temperature on the yield of produuts fe from the chlorination of propane. The Influence 
of tempciatuie on the content of mono- and polychloropropanes in the rerction products, is shown In Table 3. 


% 
109, 


69 


yield ef¢hlerracs % 


Hole tate 4) & vol% 


Fig. 2, Influence of C,H: Cl, ratio on the composition — Fig. 3. Distillation curves for the products of the 

of the chlorination products, 1)Mcnochloropropanzs; 2) thermal chlorination of propane. Temperature 314°, 

Cichloropropanes; Ftichloropiopanes, Mole Cl, 0.95: 1. cp- sip 
dcp-dichloropropane, 

As seen from the data of Table 3, 21 a comparatively high excess of hydrocarbon in the reaction mixture 
(4:1), temperature had almost no effect on the ratio between mono- and dichloro derivatives, At a lower excess 
of hydrocarbon (2:1), an inciease in temperature led to some increase in the yield of dichloro derivatives, The 
ratio between 1- 2nd 2-monochloropropane and the Ppropertics of these compounds are given ia 
Table 4. 


Literature data for 2-chloropropane arcs np 1.3770, <0, 8617; for 1-chloiopropane 1.3586; 8923, 
The dichloropropanes obtained contained ai} possible isomers, as may be seca fron the distillation curve presented 
in Figure 3 (obtained in a column with glass packing, equivalent te 22 theoretical plates), The dichloropropanes 
were not investigated in greater detail, 


TABLE 3 


Experiment No} Temp., °C tole ratio Product composition, weight % 
C3H,: Cl, Monochloro- Dichloropropanes | Trichloropropanes 
propanes 


731 22.7 4.2 
78.2 20,2 1.5 
$8.0 34.3 7,7 
61.2 31.3 

82.1 17.7 
81.2 18.8 
83.9. 16.1 
83.8 16.2 
83.9 16.1 


wo 


wo 


2 4 4 
90 315 1 
91 
] 350 
118 398 | 
121 : 
123 400 
300 | 
149 35% 
180 400 


TABLE 4 


Temp., °C | Mole ratio Coinpositivn of mono-|P.operties of 2-chloro-} Propertics of 1-chloroprogane 


Cyt: Cl, chloropsepanes propane 


4.1 42.8 57.2 1.3772 0.8547 1.3884 
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THE RULE OF AUWERS-SKITA AND THE PROPERTIES OF STEREOISOMERIC 1,4-DI- 
ISOPROPYLC YCLOHEXANES 


A. L. Liberman, T. VY. Lapshina and Academ cian B. A. Kazansky 


During the synthesis of dialky!cycloalkanes, there is usually formed a mixture of cfs- and wans-fsomers, the 
separation of which frequently presents considerable difficulty in view of the closeness of their boiling points, Ia no 
cace does the difference In boiling points of a pair of stercoisomers exceed 8°, and more frequently it is consider- 
ably less, diopping in some instances to a few tenths of a degree, Therefore, a to1al of only 14 dialkylcycloalkanes 
has been separated into the individual stereoisomers up to the present {1-7}, 


One of the most important problems in the study of the stereoisomers of cycloalkanes Is the answer to the 
question as to which of a given pair of compounds should be assigned the cls- or trans-form, Usually, to answer 
this question use is made of the Rule of Auwers-Skita, according to which the trans-form of a diatkyleycloalxane 
nat a lower boiling point, index of refraction, and specific gravity but a higher molar rcfraction thaa the cis-form. 
', recent years this mule has been subjected to review: it has been shown that it does not apply to 1,2-dimethyleveloe 
he»ancs. and that in this case the cis-form possesses thore properties which, according to the Rule of Auwers-Skita, 
should belong to the trzns-form [8}, In a recent communication it was shown that this is also tme for 1,3-dimethyle 
[S}. 


“It chould be noted that the Rule of Auwers-Skita is based on examples at the boundary of ao unlimited wornben: 
of cases of stereoisomers, chiefly on the fist members of different homologous series of cyclic compounds, and as 
yet there are no cata as to how it epplles to higher molecular weight homolegs, This coinmunication Is concemed 
with one exception to this rule, 


By hydrogenating very pure 1,4-dilsopropytbenzene, we prepared a mixture of 1,4-d!fsopropyleyclchexanes 
which was separated into the stereoisomers; the purity of each of these was 99.6-99.7%, 


It was completely unexpected that, contary to the rule of Auwers-Skita, the lower boiling isomer had the — 
higher index of reitaction and specific gravity and the lower molar refraction; that is, it had all the properties which 
should, according to this rule, belong to the cls-isomer, except boiling point, Morcover, it had the lower freezing 
point, which is also characteristic of the cls-form. The higher boiling isomer had, accordingly, the lower constants, 
‘Each of them were subjected separately to catalytic dehydrogenation and formed 1,4-diisopzopylbenzene which did 
not exhibit freezing point depression when mixed with a sample of a pure preparation of this hydrocarbon, Thus, 

stereoisomeric forms were structurally identical, 


Comparison of the Raman spectra of these stereoisomers with spectra of known stercolsomerie 1,4-dialkyleycloe 
heranes* showed that the spectrum of the lower boiling Jsomer was of a frequency characteristic of cis-1.4-dialkyle 


€yclohesares, and the spectium of the higher bad a frequency characteristic of the wans-form 
(see Table 1), 


It should be noted that recently S$, D, Kiekhtiev and co-workers published a communication on thelr preparas 

= of the stereoisomeric difsopropyleyclohexanes which had the following properties; trans-isomer, b.p. 60°/ 7 mm, 
ni 1.4450, d,°0.8145: cis-isomers, b.p, 65°/7 mm, 1.4498, ¢4°0,6192. These properties differ considerably 
from those stained ter our preparations (sce below), Unfortunately, the properties of the 1,4-dilsopropylbenzene 
which these authors used in the synthesis of their compounds (b.p, 204-206", 272 1.4922, 67°0,8572), also differed 
considerably from the sroperties cited by Newton Pp. 210.3/ 760 mm, np 1.4895, d,°0, 8571) and by Melpolder 
113}(d.p. 210,377/ 760 mm, freezing point 17.07° nD 1.48983, ¢{°0,85676) for their preparations of this hydrocarbon, 
moreover, the preparat.on of McIpolder had a purity of 99,8 %, Unfortunately, $. D, Mekhtlev and co-workers did 


¢ The Raman spectra of stercolsomeric 1,4-dimethyleyclohexanes were studied earller[10}; spectra of l-methyle | 


-4-ethyl- and 1,4-dilsopropyleyclohexanes were deterinined by V. T. P. A. Bazhulia and Kh, Sterin, 
'o whom we express our appreciation, 


not give the freezing polnt of their starting material, which would have made It possible to judge Its pusity, - 


Thus the significant difference in properties published in the article by Mekhtlev and co-workers and those 
presented hy Newton and by Melpalder, and cited in the present wark, forces us to regard the results obtained by 
S. D. Mekhtiev as unreliable, 


EXPERIMENTAL 


Characteristic Frequencies of Stercolsomeric 1,4-Dialkyl- 
cyclohexanes, 


1,4-Diisopropylbenzene, Technical dilsopro- 
pylbenzene and 202-216" and 202-210" fractlons 
isolated from technical dilsopropylbenzene** were 
Cis_ _-- | Trans distilled under vacuuin [n a column of 25 theoretl- 
raction boillng at 90,7-101.7/- 
-1-Methyl-4-ethylcyclo.- This fraction was sybjected to sulfonation with tresh- 
hexane 631(34)} 754 (80) prepared 2% olcum using 2’3 volume per volume 
ef hydrocarbon, With this ratio of reagents, the . 
fonic acids separated as a’separate Fayer between the 
unreacted hydrocarbon and the layer of sulfurle acid, — 
Higher boiling 1,4-diisopro- The separated sulfonic acids, to which was added 50 
pyleyclohexane 758 (39) ml H,SO,, were subjected to hydrolysis by steam, 
766(50) Fractions were collected in rejation to the temperae 
ture of the reaction mass, The first fractton distilled 
Over at a temperature of the reaction mass of 99- _ 
100° it coatained 10-90% diisopropylbenzene (509 g), From ine succeeding fractions, 214 g of the same distillate 
was obtained by a second sulfonation and hydrolysis, Final purification was carried out by recrystallization from 
ether, The mixturé of hydrecarbon and ether( mole for mole) was chilled in a beaker to -60°, and the liquid phase 
was removed by filtration{ 141, If the freezing point of the vacuum distilled hyd:ocarbon was lower than -17.2*, . 
if was recrystollized again, Thus, 318.5 g of hydrocaibou was obtained which, after distillation in a column of 83 . 
theoretical plates, had the properties: b.p. ©6.5°/ 18 mm, freezing point -17.1° .niy 1.4900, d° 0.85679. These 
properties are practically indistinguishable from the data of Melpolcer £13] cited above, 


Lower boiling 1,4-diisopro- 
pylcyclohexane 629(46)} = 


3p. 7.5mm, 


& 


Fig. 1, Distillation curve of the stereoisomeric 1,4-diisopropyleyclohexanes, 


Preparation of the stercoisomeric 1.4-diisonropyleyelohexanes,  Leached Raney nickel was mixed with 
heptane in a Wurtz flask, and the latter was distilled to complete removal of the water from the catalyst, The anhy- 
drous catalyst and 159 g of 1,4-diisopropylbenzene were charged to an 0,75-liter autoclave, Absorption of hydrogen 


* We take this opportunity to express our appreciation to Yu. G, Mamedaliev, active member of the Academy of 
Science AzSSR, for kindly giving us the fractions, 


——— 
ne 2 a” 
fr 
{ 
14505 
44435 
| 


e 
> 


(99-106 atm initial pressure) proceeded very fast at 190°, After distiilation of by heptane, and chromatographing 

" with silica gel, there was obtained 133.2 g of 1,4-dilsopropylcyclohexane with nb 1.4511. The scsults of the distillae 

__ fon of 132.8 g of this preparation in a column of 100 theoretical plates are presented in Figure 1, Fractions II-VI did 

“not differ in constants except for small differences in freczing points, Judging by the latter, Fraction IV was purest pree 

paration of els-1,4-diisopropylcyclohexane, The f:cezing point curve of this fraction {s presented In Figure 2, The 
¢ oe constant of the els-form was found by a determination of the freezing point of a mixture of this hydrocarboa 
with 1,29 % trans-form, It was 0,0070 mole/ degree, From the course of the freezing point curve and the cryoscople 
constant, it follows that the purity of the ciz-1,4-dilsopropylcyclohexane was 99.7%. =. 


Properties cf cis-1,4- dilsopropylcyclohexane: b.p., 78.9°/7.5 min; freezing point, 
0.8236; MRp 55.17, calculated MRp 55.42 . 


Trans-1,4-dilsopropyleyclohexane was not obtained in a pure Soca ind this distillation, as oh evisent from the 
progression of the constants in Fractions 1X - XIJ1(see Figure 11, Therefore, Fractions X-XIll were combined and 
iedistilled in the same column but at a higher :eflux ratio, In this manner, aficy separation of the Jeading frace 

thon, there was obtained 19.6 g of trans -1,3-diisopropyltyclohexane, The residue in the flask did not differ from It 
in constants. The freezing point curve of trans-1,4-diisopropyleyclohexzne is presented in Figure S*, Its cryo- 
scopie constant was found by the determination of the freezing point of a mixture of this hy¢rocarton with 1.15% 
cis-form, It was 0.0430 mole/ cegice, From the course cf the freezing point curve and the cryoscopic constant, 
it follows that the purity of the trans-1,4-diisopropylcyclohexane was 99.6%, 


Properties of b.p., 80.4°/ 7.5 mim; point, 28.0 1.4485; 
0.8143; MRp $5.38; calculcted MRp $5.42 


5 1S min a § 


Fig. 2: Freezing point curve for cis-1,4-dilsopropyleycio- Fig. 3. Freezing point curve for trans-1,4-dilsoproe 
hexane, Pylcyciohexane, 


of the stereotsomeric 1,4-dilsopropyleycloheyanes, a) 10,8 g of cls-1,4-dilsopropyleyclohexane 
‘wes passed at 33° anda agen hag of 0,8 liter per liter of catalyst per hour over 10 cc of platinized carbon. 8,1 g 
of catalyzate was collected: nj 1.4884; freezing point, -21.7°, A mixture of it with an equal volume of knowa . 
2,4-diisopropyibenzene (freezing point, —17.2°) had a freezing point of -19.2°, 


b) 6.8 g of trans-1, 4-dilsopropylcyclohexane was passed at 300° anda space one of 0.5 liter per iter of cataly 
yst per hour over 10 ce of platinized carbon, 5.6 g of catalyzate was collected: nD 1.4894 freezing point, ~21.3°. 
A mixture with an equal volume of 1,4-dilsopropylbenzene had a freezing point of —20,8°, 
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EXPERIMENTAL STUDY OF EQUILIBRIUM CONDITIONS DUKING THE REACTION OF 
ZINC OXIDE WITH ZINC SULFIDE. 


A. L. Okunev and Popovkina 


(Preseatcd by Academican A, M, Frumkin, Noyember 5,13955) 


~ Equilibrium conditions during the reaction of zinc oxide and zinc sulfide have not been studied experimentally, 
This reaction has great practical significance in the analysis of questions ccnnected with the recovery of zine by the 
processes of "ie complex processing of -zine ores and concentrates, Calculated data [1) 
have teen used in the past for this purpose, 


The results of an experimental snody of equilidsium conditions the rezctioa 
220 (solid) + azn (gas) + SO, (gas) (3) 


are bricfly reported in the present communication, and are compared with calculated data, 


The thermodynamie analysis of Reaction (2) was caiied out by the exact differeatial method using whe the:mo- 
dynamic data [3-5] presented in Table 1, The results of the calculations are presented in Table 2 


‘TABLE 1 


‘Funcamental Thermodynamic Data 


Substance Specific heat equation 


‘Zn (gas) Cp = 4.97 3 : 
sO, 940 A Cp = 13,354 105 
(0.2 %, 400 -2500°K) 
2n0 €p = 11,71 + 10 
ZnS Cp = 12,16 + 1.24-10°? T~1.36- 10 


— 


The experimental study of equilibrium conditions 
for Reaction (a) was carried out by pessing a al 
§ as (purified nitrogen) over the reaction mixture of 
equilibrium constant, and values of 
Reaction (a) chemically pure, crystalline ZnO and ZnS, which 
: were taken In stoichiometric ratio, The reaction tube 
T,°K Fy log K Poa and the nitrogen rate were selected so that the come 
173 66010 position of the gas phase corresponded to equilibrium, 
1978 $3652 107° The nitrogen rate was 5 Mters perhout The experle 
1473 41750 6.18 3.74 107 _ Ments were carried ovz at 1000 1200°C, Duration of 
the caperiments was 30 minutes, The equilibrium 
1573 29273 4,07 1,26+ 10 a 
¢ omposition of the gases was determined by the de 
crease in weight of the weighted sample, 


Since cooling of the gas mixture reverses Reaction (4), quenching of the gas mixture Is rot suitable as a method 
for ¢etermining the ee composition - the gases, Other possible methods, ar, for example, absorption of the 


Source: 
(3) 
(3,£) 
(3,4) 
{3.4} 


~ zine vapors by some abiorbent, are characterized by great complexity of experlmental procedure, 


The experimental data and the valuescalculated from them for equilibrium constants for Reaction (a), changes 
in isobaric thermodynamic potential, and at the temperatures of the eaperim vents are presented In Table 3, 


TABLE $ 


Change In isobaric Thermodynamic Potential, Equilibrium Constant, and Equilibium Values of for Reaction (a) 
from Experimental Data, 


T,°C | Loss in weight |AF*, log K AF*y log K 


Without correction fer side reactions Taking side reactions into consideration 


1000 1,093 60-100 —10.359 3.40-107? | 61000 10.477 
1100 4.06 50800 | — 8.077 1.26-10°? | 51100 8.133. 1.22-1078 
1200 14.16 39700 5.891 4.40-10°? | 393850 5.920 4.35-10 


In calculating the values of AF‘), tog K, and F., it was necessaty toevaluate the Influence of other proces= 
ses taking place along with Peaction (a), for 


ZnO(solid) = ZnO (gas: (b) - 


ZnO(solid) = ZnS (gas) /; O, (gas) 
ZnS (solid) = ZnS(gas)s ° 


ZnS (solid) = Zn S. (gas). 


The sublitnation and dissociation pressures of zine oxidz are many times less than the corresponding pressures 
for zinc sulfide, Therefore, it) -.fficient to con ider processes (4) and(e) In evaluating the influcnce of the above 
processes od Reaction(2). Their influence can be taken into account by proceeding from the expezimental data on 
the sublimation and dissociation of zine sulfide (6), In the latter case, the evaluation must de carried out taking {ne 
to account the equilibrium value of Po, for Reaction (a). f 


Values of AFz, log K and P2n calculated taking into account processes(d) and(e) are also presented In Table 
2, Coraparison of these valet with the corresponding values calculated without considering the side reactions shows 
that the yields of products from side reactions were within ¢xperimental error, and that their influence at neetr 
tures above 1100° can be neglected, 


The experimenta? and calculated data are in satisfactory agreement, especially above 1100°C, However, in 
all cases the experimental dita were somewhat higher than those obtained by calculation, Beis 


The enthalpy change at 293°K for Reaction (a) as calculated from the experimental data was 236,000 cal., 
against 233,000 cal. from calorimetiie measurements The enthalpy change for Reaction (a) in the temperature: 
rang# 1000-1200° was 204,830 cal., and the entropy change was 112,0 e.u, 


The experimental data are sasisfactocily expressed by the equations: 
44782 


= 204880-112.0T;° slog KK 


11195.5 
P 


+ 24.4815 


LITERATURE CITED 
(1) A. I, Okunev and 


N. P. Diev, Proc. Acad, Sci. USSR, 97, 491 (1954). 


M. Kh, Karapetyants, Chemical Thermodynamics, (1953). 

(3} Thermal Constants of Inorganic Substances, edited by E. V. Britsk and A. F. Kapustinsky, Acad. Sci, USSR, 
Sress (1949), 

(4) K. K, Kelley, Bull, Bur, of Mines, No. 476(1949). 

(5} N. P, Dev and A, L Okuney, Proc, Acad, Sci, USSR, 97, 301 (1954). 

[6] A. D. Pogorely, J. Phys, Chem, USSR 22, 731( 1948). | 
Received April 4,1955 Ural Research and Development Institute for the Copper industry 
146 


THE DIRECT SYNTHESIS OF ALKYL- AND ALKENYLCHLOROSILANES FROM 1,1- 
-DICHLOROETHANE AND 2,2-DICHLOROPROPANE 


Associate Member of the Academy of Science USSR A. D. Petrov, S. 1,:Sadykhzade 


and J. L. Tsetlia 


Direct synthesis from methylene dichloride [dich}oromethane}, as ‘s known [1], leads to the formation of only 
saturated products: 1) hexachlo; odisilylmethare and 2) 
(Crs $3C1,1,). It seemed of interest to carry out the direct synthesis using the closest homologs of methylene dichlo- 
ride — the asymmetrical dichlozide: methylmethylene dichloride (1,1-dichiozoethanc) and disnethylmethylene dichlo- 
ride (2 2-dichloropropane), since here, besices obtaining analogs of the 2bove-meationee saturated products, one 
might .aiso expect the formation of alkenylchlorosilanes as a consequence of the provable splitting off of HCl, Our 
pectation was completely justified: 29-25% of the condensate consisted cf vinyl (isopropeny))chiorosilanes. 35-45% 
of penia- and hexachlozoethanes (propanes), The yield of the cyclic forms (CHy-CH- and [( CH) 

was negligibly small, 


Usieg, for the first time in the direct synthesis, a cizculating type apparatus, 1740 g of CH,- CHC); were clrcue 
Jated over a Si-Cu(80; 20). alloy at 360-320° for 16 hours. 445 g of concensate was obtaince, From distillation data 
presented in Table 1, it is seen that the condcnsate had the compotition: 4.5 SiCly; 15.2% unreacted CH,- CHC, 
6.4% vinyldichlorosilane, C1,HSICH = CH; 16% vinyluSchloresilane, CH =CH;, 6.5% 3,1- ane, 
(C1, 18.5 C1, CHG -tichlorosilylethane, CH-CH,, 18.5% 1,1-bis (vichloro- 
silylethaze (C CH-CHs. 500 g0fCH;- CCl, were passed over Si-Cu at 360-350" for 25 hows, 240 g of 
condensate were obtelned, the distillation data for which are presented in Table 2. “From the distHat'on data, it fs 
seen that the condensate had the composiion 2% SiCl, , 15% unreacted CHy-CCL- 1.6% 


TABLE 
Alkyl- and 4thenyichiorosilanes from CHy~CHC, 


Compound B.p.,°C | Press in Found/ calculated. 
mm 4g 


Cl.HSi-CH = CH, 72-73 750.5 -¥,1222 | 1.4760 


C}Si-CH=CH, 92.5 | 750.5 1,2426 | 1.4295 
CH,-CH [165.5 750.5 1.3243 | 1.4578 
SiHCl, 
CHy~CH{ SiC}, 181 150.5 1.4310 1.4740 


CH, 197.5 750.5 1.5059 | 1.4820 


CH, | 124 746 0.7597 | 1.4252 


1.4288 


CH, CH[Si(CH,)5},° of. . 1.4340 


* First obtained compound 


: 
; | 3.25 18.54 21.85 - 
2.63 10.53 | 24.56 
| 1.69 9.34 | 21.34 67.94. 
| 1,90 9.14 21.33 67.61 
| 1.49 8.34 | 19.11 71,01 
| 1.34 8,08 12.59 1.71 
| 12.53 52.58 34.78 
| 12.50 | 52,50 a8.0 
| 55.37 32.05 
| 12.64 55.17 32.18 
| | 
— | 


Ci, {isi 10.179 4 = CH, 2,2-bis, dichlorosilyl) propane, 
CH, CH, 


TABLE 2 ; 
Alkyl- and Alkenylsilanes from 


Coinpound B.p.in°C Found/ calculated , % 
at 753 mm H Cc Si 


Cl,HSi-C = CHy 90 1.0787 | 1.4319 - 20.11 
19.85 |. 
CH, 


1.2398 | 1.4312 


CH, 
(CH,),° C(SiHC],), 1.2635 | 1.4799 


(CH,),* C-(HSICI,X SiC1,) ¢ 1.3808 |. 1.4818 


1,3733 | 1.4927 


(CH,),° 142-143. 1.4360 


(CH,); C-[SiH(CH);* Si(CHy 159-160 0, 1.437€ 


* First obtained compound 

Moreover, a small amount of white crystals with a melting point of 83-90° were isolated which according to the 
analytical data, had the formula (SiC];- C(CH,),7,. As can be seen, the yield of alkenylsilanes, in particular vinyle 
trichlorosilane, considerably exceeded the yield of the latter compound when prepared by direct synthesis from 
CH; = CHC1(2). As regards isopropenylchlorosilanes, these compounds were not gerierally obtained In the direct 
synthesis, The formation of alkenylsilanes can be represented, therefore, both as a cirect synthesis from vinyl and 
{sopropenyl chlorides, which takes place at the moment of formation of the larter with higher yields, and by splitting - 
eff HCl from the initially formed 


| CH= CHCI+ si-cu—> CHSICL, 
CH;~CHCI, 


CH,-CHCl- SiC}, —* CH, = CHSICI, HCl 
CH,=C-Cl¢ Si-Cu—> CH,= SiCl, 


CH,~C-Cl; 


- + HCl 
Hy 


CH, 


CH, 


Thus, here for the first time it has been showa that asymmetrical dichlorides can react with silica using both 


one and two atoms of chlorine, . 


An experiment conducted by passing 1,2-dichloroethane, under the same conditions, over the catalyst at 450° 
did not yield vinylchlorosiianes. 


12.8 3.01 | 29.5 63.43 
12.9 2.48 | 20.3 
12.69 | 55.36 - 


The abiluty of asymmetrical dichlorides to both one and two atonis has 
been demonstrated by §, 1. Sadykhzade and A, D. Petwvt 3) in the case of 1,3-dichlorobutene-2 which foimed 


CH, 


It is impussibte to exclude the possibility dat are on the nad 
to the formation of pentar and hexachtorocthanes ( propanes), Recently, S. 1. Sadykhzade, E, A, Chemyshev and 
V. F. Mironov £4] showed that a@- and -inono- ang can be used In the direct synthes 
sis of di- and polysilanechlorides, 


EXPERIMENTAL 


1,1-Dichloroethane, b.p. 57°, was obtained by the action. of PCI, on acetaldehyde, and 2,2-dichloropropane, 

b.p. G3*, was obtained by the action of the same reagent on acetone. A preliminary experiment, passing 250 g of 
2,2-dichloropropane over Si-Cu at 280° ata rate of 25 g/ hour, showed that, under these conditions, the main ree 
action is the splitting out of HC} with the formation of isopropeny! chloride, CH,CC]I == CH, and SiC), On the 
assumption that an increase in temperature and a gieater contact time with the catalyst were necessary for the 
formation of alkenylchlorosilanes, we changed the method of synthesis. The product obtained after a single pass 
over the catalyst was retumed again to the flask end again passed over the catalyst heated to 360-380" (see 
Figure 1), The boiling point of the products, which were vaporized from the fiask at the end of the experiment 
was increased to 100-110°. That Englisch,(5), with 2 single poss of 1,1-dichloroethane over the catalyst at 350- 

ob:ained only one 1,1- ina of 8% indicates the valuable expediency of our 

method of synthesis, 


Fig. i. Refractory glass tube filled with Si-Cu alloy; 2) tubular furnace; 3) trap; 4) thermometer, - 


The properties of the products of the synthesis obtained from 1,1-dichloroethane, and also of certain 
procucts of their alkylation, are presented in Table 1, The properties of she products of the synthesis from 
2,4-dichloropropane and of certain products of their alkylation are presented in Table 2, The properties of 
the first isopropenyluichicrosilane ovtained by direct synthesis compare closely with the preperties of this come 


pound recently synthesized by the deh;drochlorination of §-chloroisopropyltrichlorosilane, which was obtained 
by the chlorination of [6}. 
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A NEW METHOD OF SNYTHESIS OF POLYENIC KETONES WITH CONJUGATED 
3 DOUBLE BONDS 


Gl. 1, Samokhvelov, M. A. Miropolskaya and N. A. Preobrazhensky 


(Presented by Academician I. L. Knunyants, December 31,1955) 


In 1940, :t was noted that upon warming unsaturated ethylenic atcohols with acetoacetic ester, along with 
acylation, the format on of a certain amount of ketone also tock place (11, The ketone. contained a doudle bond 
which was separated from the cartbonyi group by two methylene groups, In 1950, upon warming substituted ethyl- 
en‘c alcohols with esters of a-chlorozcetcacetic ester, chloroketones were obtained, the treatment of which with 
pytidine lead to ketones with coniugated double bonds[{2". Fecently, there appeared an indication that estes of 
acetoacetic acid with substituted ethylenic alcohols caa te conve.ted by hydrolysis inte ketones f31. 


We hase established that acetylenic alcohols of the propaigyl alcohol type are converted, with good yields, 
into esters of acctoacetic acid by the action of diketene, Paman spectra of the original atcohols znd of the products 
of their ieaction with diketene showed the characteristic frequency at 2112 cm? fora triple bond, This showed 
that the terminz  typle bond does not take part in the reaction with diketene, The esters prepared were distilled 
under vacuum without decomposition, and were obtained in the analytically pure state, 


A distinguishing property of these esters is their ability, on heating to 160-170", to undergo intramolecular 
rearrangement with the liberation of carbon dioxide and the formation of an unsaturated ketone, Instead of a weak 
u,v, absorption band at 245 my, characteristic of esters of acetoacetic acid, upon heating a strong absorption band 
appears which corresponds to conjugation of the carbonyl gioup with two double bonds, 


Thus, for example, from the product of the condensation of methylheptenone with acetylene (1) we obtained 
pseudoionone 


CH, CH, CH, CH; 
N 7 
NES 
OH OCCCH,COCH 


ta, 
é | 


CH, 


| CH, CHs 
3 


The. reaction is tied in with the paiticipation of a nicthylene group and sutssequent protouople reasrangement 
of the thus formed allenic system of bonds, This sectes of reactions .epzesents 2 new method for the synthesis of ke- 
tones with conjugated double bond syst eis, 


3,7-Dimethyl-G-cctea-1 yn -3-ol (1) was obtained Ly the cnddensni: on of G methylhepten-2-one with acetyl- 
under of metatlic sodium in liquid ammonia solution, The yield was 749. B.p. 83-84°/Gmm, 
1.4322; 0.8831; Mp found 47.18; calculated CygH,Of |? 47.43. 


‘The ester with acetoacet’c acid (I) was obtained ty condensation of (I) with diketene under the influence of 
"a catalytic amount of 1actallic sodium. The main fraction was isolated in 72° yield. B.p. 93-94° / 0.2 mm; uD 
1.4665; 4{°0.9870; found 66.22; caleulsted 66.05, 


Found 9: C 71.42; H 8.64 
Calculated?-, C 71.18, H 8.47 


Pseudoionone (II]) was obtained by heating (11) in a stream of nitrogen at 160-170° for 3 hours. The material 
was, distilled under vacuum, The main fraction was obtained in 61% =. B.p. 90-$2°/ 0.1 mm, Xrmax 4 290 mys 
tt “cm 1930. 


The 2, 4-dinitrophenylhydrazone, m, | -134- -136", was obtained the aetion of a sulfuric acid solution of 2,4- 
-dinitrophenylhydraz:ne, 


Found %: N 14.83 


Upon decomposition of the mixture of isomers, the geometric isomer wiles 2,4-dinitrophenylhy drazone melts 
at 147.5-148° predominated, and the isomer whose 2,3-dinitiophenylhydrazone melts at119° was present only in 
traces, Thus essentially only one geometric isomer of pseudoionone, corresponding to. an arangement of peresotraiet 
at the double bond of the geranial form of cit.al, was formed by the pyrolysis. 


The autho.s express their appreciation to I. V. Lukyano.a for obtaining and AR ei in the interpretation 
of the 
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SYNTHESES IN THE FIELD OF C~C DERIVATIVES OF CARBOHYDRATES 


A. Zhdanov, L. Sheherbakova and R. V. Golovnya 


(Presented by Acadcmican A, I, Opsrin, October 27,1955) 


Based on the work of previous investigations [1,2], we have carried out new syatheses of carbohydrate derlvz~e 
ves in which the substituent {s joined directly tc the sugar molecule by acarbon-carbon bond, In addition to derle 
vatives of glucose (diphenyltetraacetylgtucose and its brominated derivative and jodoanisyltetracetylglucose) and of 
xylose (thienyl-, diphenyl-, and allyluiacety)xylese), we prepared derivatives of still anothes sugar— galactose (anisyl, 
phenetyl-,and diphenyiietraacetylgalactose). In addition, the possibility of preparing C—C derivatives of sugars, start- 
ing not with the acylated but with the methylated cerivatives, was studied. Acylatcd caidohycrates have the disad- 
vantage that.curing the reaction, 2 considerable part of the Grignard reagent Js consumed by reaction with the acyl 
groups, which leads to a large amount of by-procucts, Methylated derivatives of sugars do nor have this disadvantage 
but are Jess satisfactory in that they co not crysiallize and distill only under fairy high vacuum, 


In the preparation of the methylated derivatives of glucose, the glucose was converted into the methylglucoside, 
then, by the method of West and Holden [3}, into pentamethylglucose, and, finally, into capenieniienin i, aeapian 14. 
As a result of syntheses, was piepared and {solated, 


EXPERIMENTAL 


Thi enyltriacetylxylose. Thi s compound was prepared by the method used In the preparation of thienylictza- 
acetylglucose {1}. To the orgsnomegnesium compound, prepared from 3.93 ¢(0.16 moje) of magnesium and $4.65 
§ (0.165 mole) of a-iodothiophene, was added 5 g(0.017 mole) of chloracetoxylose in ether, and the syathes!s was _ 
cartied out by the usual route, 2.1 3 of raw windues was isolated, which, upon recrystallization from gasoline (b.p. 
110-115°) and isopropyl] alcohol, formed white needles with a m.p. of 151-152°, This material is described here foe - 
the fint dme, 


Found %: C $2.73; H 5.48. 


Calculated: C 52.62; #1 


Diphenyitetraacetyigzicctore. The required pentaacetyIgalactose was prepared by the method proposed by 
Hudson and Dale The pentsecetylgalactose was converted into chlorotetsaacetylgalactese by the method of 
Freudenberg and Soff (6). 


_ A solution of 38.5 g (0.16 mole) of 4-bromodiphenyl in 150 ml of absolute ether was added to activated mag- 
nesium lodice (4 g). The mixture was warmed on a water bath and stirred until the magnesium was dissolved. To 
this Grignard reagent was added $ ¢( 9.0136 mole) of chlorotetraacetylgalactose in 60 ml of absolute ether over a 
period of 30-40 minutes, The reaction mixture was boiled on the water bath fur 4-5 hours with vigorous stirring. 
The decomposition and further treatment was caried out as in the synthesis of anisyltetraacetylglucose [1]. Evapor- 
ation of the ethereal solution gave the saw product which, upon recrystallizstion from isopropyl alcohol, gave lust 
tous Crystals with a m.p, of 156-157°. The materiel fs here desczibed for the first time. 


Found %: C 64.97; H5.87_ 
C.H;,0,. Calculated%:; C 64.45; H 5,78 


Diphenyltetraacetylglucose, This compound was prepared by the tame method as the diphenylictraacetylgalactoses 
crystallized from isopropyl or ethyl alechol in the forn of Justrous needles with a m.p. of 180°, The yleld was 80% 
of theory. The material fs described here for the first time. 


Found C 64.88; H 8,79. 
C;,H.,0,. Calculated C 64.45; H5.78 


Bromodiphenyltetraacetylglucose, To 1 g (0.0023 mole) of diphenyltetrascetylgluco.. in 10 ml of carbon dle 
sulfide was added 1.5 g (0,009 mole) of bromine, The mixture was warmed on a water bath until the liberation of | 
HBr ceased; the carbon disulfide was distilled off, and the residue was washed with 57: aqueous alkali, A slightly 
ycllow oil was ovtained which crystallized upon intimate mixing with petroleum ether, The cnaterial was purified 
by recrystallization from Ssopropy] alcohol. p- Bromodiphenyltetraacetylglucose with m.p, cf 197° was obtained, 
The yield was 1.1 g (97% of theory), The structure was substantiated by oxidation with permanganate which gave p> 
“bromophenylbenzoic acid with a m.p. of 193°. 


It fs obvious that the structure of the compound 3 


AcO 


Diphenyltriacetylxylose . This compound wat obtained by the method described above. To the Grignard te 
agent, prepared from 3.93 g(0,16 mole) of magnesium and 38.5 g (9.165 mole) of p-bromodiphenyl, was adcézd aa 


ethereal solution of 5 g of chlosorriacetylxylose. After the usual treatment and recrystallization from gasoline there 
was obtained 0.5 g of white crystalline product melting at 191-192°. 


Found %: C 67.40; H 6.16 
Calevlated%: 66.57; H5.86 


lodoanisylretraacetylglucose, To a solution of 1 g (0.002 mole) of anisyltetraacetylglucose in carbon tetrachlo- 
tide was added dropwise with stirring and cooling a solution of 1.9 g of iodine chloride in a sm3H1 amount of carbon 
teuachioride. After 1 hour, the mixture was poured into water. The carbon tetrachloride layer was washed with a 
saturated solution of sodium bicarbonate, then with water, then dried over calcium chloride, and evaporated. The 
tesidue was recrystallized from isop:opyl alcohol. Slightly yellow crystals melting at 151-153° were obtained. The 
yleld wes 33% of theory. This material is described here for the first time. 20.8% of iodine (calculated, 22.4%) was 
found by analysis. Upon oxidation with alkaline permanganate, p-methoxy-m-iodobenzoie acid melting at 230° was 
obizined, 


‘The structure of the compound was; 


AcO~ ~ ,OAc 

AnisyltetramethyIglucoce. To the organomagnesium compound, prepared from 0.99 g(0.041 mole) of mage . 
nesium and 8.4 g( 7.045 mole) of p-bromoanisole, was gradually added dropwise with stirring a solution of 3.5 g 
(9,014 mole) of chlorotetramethylglucose in ether. After addition of the solution was completed, the mixture was 
warmed for another 2-3 hours, cooled and decomposed with water and acetic acid, The ethereal solution was separate 
ed, washed with a small amount of water, and dried over anhydrous sodium sulfate, The ether was distilled off. 1.8 g 


Of anisyltetramethylglucose was obtained in the forin of a thick, colorless syrup which, after oxidation with permange 
anate, gave anisic acid with a m.p. of 179-180". This material is described here for the first tme. 


By the reaction of anisylmagnesium bromide with chlorotetraacetylgalactose,, anisyltetraacetylgalactose, was 
prepared and isolated in the form of a syrup which, upon oxidation with permanganate, gave anisic acid. Phenetyl- 
tetraacetylgatactose, which gave ethoxybenzoie acid on oxidation, was prepared in the form of a syrup in an analogs 
ous manner, Allyltriacetylxylose was also obtained in the form of a colorless syrup, 


° This compound was prepared In pitta with A. S, Vishayakov in the Iborstor of the V. M. Molotov Rostov- 
oa-the-Don State University, . 


= 
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SYNTHESIS OF ALKYLFERROCENES 


Academician A. N. Nesmeyanov and N. A. Volkenas 


Feriocene (dicyclopentadieny] iron), first prepared in 1951 by Kealy and Pawson {1, 2}, a new type of organo- 
metallic compound with a new type of aromatic nucleus. Up to the present, a considezable number of cyclopentadi- 
enyl derivatives of various metals has been prepared (3). In pzinciple, the preparation of subsututed ferrocenes and, | 
in particular, ferrocene homologs from substituied c)clopeniadienes Js possible, but, in view of the poor availability 
of the latter, it has been necessary to prepare ferrocene derivatives, with few exceptions, from ferocene itself [4-6]. 


At present, a series of direct substitution reactions of ferrocene is known: acyladon [7), mercurization [8), metal- 
lation with lithium arylation by means of ciazo compounds [8, 9}, and su}fonation Fermocenecarboxylie 
acids {&}, haloferrocenes{11), and ferrocenylamines [12] have been prepared by means of secondary substitution, Hows 

eer, the simplest homologs of ferrecene have not been piepared up 10 the present 


Although ferrocene ‘is easily acylated to acylfertocenes in the presence of aluminem chloride under the same 
cceditions that benzene yleids acylbenzenes, attempts to alkylate it have not been successful as yet. It §s true that 
ferrocene has been successfully condensed with formaldehyde and with benzaldehyde in the presence of concentrated 
sulfuric ecid (13) oz anhydrous hydrogen Muoride (10), but the products of these reactions possess complex structures, 
and the simplest alkylferocenes carnot be odtaincd by this route, : 


Since ketones of the ferrocene series are comparatively available, we have attempted to prepare homolegs of 
fesrocen by reduction of the corresponding ketones. 


Reduction of the ketones was carried out with a ‘10- fold excess of amalgamated zine and ¢ssceniated hydro- 
chloric zcid in the presence of glacial acetic acid as a solvent. In all cases, the reaction was complete after 1 hour 
witn little heating. After completion of the reaction, the reaction mixture was diluted with water, and the reactioa 
product was evtrected with benzene. The benzece solution was carefully weshed with a soluvion of soda and water, 
pes which the benzene was evaporated off. The sepa material was steam distilled in all c2ses except that of 


followed washing 5 with petroicum or vacuuin distiNation in a 


By this method, et hyMerrocene was prepared froin ecetylferrocene [8] in a yield of 67 % of theoretical; the 
einyl ferrocene was a reddish browa liquid with a sharp, camphor odor; b.p. 103- 209° 5. mm,nj)* 
1.2469, MR 58.86. 


Found %: ic 67.52; 67.76; H 6.48; 6.57; Fe 25.34; 25.12 
sHyFe. Calculated%: C 67.35; H6.54; Fe 26.10 


Dicthylferrocese was prepared from diacetylferrocene [7] in a yield of 40-SC7 of the 
ene was a reddish brown with a weaker odor than ethylferrocene, b. 123- Simm, 1,5£03, 4:°1.1787, 
MR 69.89, 


Found ¢ 72.C 69.97; 69.28; H 7.62; 7.68; Fe 23.03; 23.046 
Cy HyyFe. Calculated % C 69.48; H 1.43; Fe 23,07 


Diethylferrocene was also prepared in a yield of 48% of theoretical by E. G. Perevalova and R, V. Golovnya 
who hydrogenated discetylferrocens over Raney nickel in ether it 200-260" and 220 atm, for 8 hours, The hydrogen 
ation of diacerylferrocene was undertaken with the idea of splitting the five-membered ring to obtain ethyleyclopens 
tase, This has now deen accomplished under more vigorous ccnditions, Woodward has presented evidence to show 
tnat the scety] groups in diacetylferrocene are oa different cyclopentadienyl radicals, Consequently, similar positions 


© Ferrocene dliminosulfonle acids have also deen synthesized by the action of pyridine = sulfur trioxide on ferrocene 
(the method was developed by E, G, Perevalova). 
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are occupied by the ethyl groups in diethylferrocene and, probably, by the a groups in the other compounds ce 
scribed herein, 


Dipropylferrocene was prepared from dipropionylferrocene with a yield of big of = the dipropyl- 
ferrocene was an 0.aage-red liquid with a very weak odor, b.p, 137-138°/5 mm, nb 1.5619, d,° 1.1244, MR 77.91. 


Found: C 71.39; 71.24; H 8.03, 8.17; Fe 20.6% 20.63 
C,H, ,fe. Calculated %, 71.17; H 8.14; Fe 20.68 


Dibutylferrocene was p:epared from didutyrylferrocene with a of G07: of theovetical, the dibutylferrocene 
was an orange-red liquid with.a weak odor; b.p, 164-165°/6 mm, nj 1.5511, dl. 1086, MR 85.75, 


Found *; C 72.56, 72.50; HB. 80; 8.94; Fe 18:67, 18.64 
C,,H,,Fe. Calculated C 72.55; H 8.72, Fe 18.73 


The didutylfeirocene was steam distilied with difficulty, 


Dibenzylferrocene was pzepared from ditenzoylferrocene in a yield of 60% of theoretical; the dibenzylferroc- 
ene was a light yellow ciystalline material with a m.p. of 101.5-102.5° after purificatjon of chroma ography and 
two- -fold recrystailization from ether, 


Found % , ? 78.36, 78.60; H 5.90, 5.86, Fe 15 39; 15,34 
C;,Hz-Fe. Calculated %: C 48.73; H 6.00; Fe 15.25 


The alkylferrocenes were soluble in benzene, seadily soluble in ether, slightly soluble in aicohol, 
and insoluble in water. 


All the alkylferrocenes were easily oxidized by quinone in benzene solution, yielding alkylfecricinium cations 
which could be extracted by hydrochloric acid. The blue, hydrochloric acid solutions containing cations of the {n- 
vestigated compounds were smoothly reduced by stannous chloride, giving the original alkylferrocenes, 


The etuyl- and diethylferrocenes were extiememly prone to oxidize, 2.a soon standing for several days they 
gradually deposited a residue. Dipiopyl- and 4: butylferrocenes were more stable, and dibenzylferrocene was come 
piztely undecomposed during storage, 


It should be noted that the alkylferrocenes. described in the present: work belong to the, as yet, small group of 
liquid ferrocene compounds (11, 14). The investigation of such compounds, the study of thelr physic al properties, 
and particularly the deter.ninauion of molar refraction and parachor are of special interese in the conzideration of. 
the type of bonds in ferrocene, 


Dipropionylferrocene was prepared with 3 yield of 407) of theoretical by the reaction of 0,043 mole of ferrocene 
with 0.12 mole of propionyl chloride in the presence of 0,1 mole of aluminum chloride in 50 ml of carbon disulfide 
with mild warming for 39 minutes. The dipzopionylferrocene was in the of lustrous orange with a m.p, 
of 53-54° after three from petroleum ether, 


Found *+: C 64.35; 64.48; H6.05; 6.05; Fe 18.93; 18.84 
Calculatedt: C 64.485 H 6.04; Fe 18.74 


Di-n- butyrylferrocene was pr epared by she sarne method from C. 048 mole of ferrocenz, 0.1 mole of a-butyzyl 
chloride, and 0.1 mole of ztuminum chloride; the yield was 497%. it also was ia the focm of lustrous vrange crystals 
with a m.p, of 74-75S° after two recrystallizations from petroleum ether, _ 


Found %+. C 66.42; 66.58: H 6. 91: 6.81, Fe 17.56; 17.79 
C;,H;;0-Fe. Calculated%: C 65.30; H 6.74; Fe 17,13 


Dibenzoylferrocene* was prepared in a yield of 70 % of theoretical from 0.05 mole of ferrocene, 0.086 mole of ° 
benzoyl chioride, an¢ 0.093 mole of aluminum chleride in caroon disulfide, Ie was a dark red crystalline material 
which crystallized from 507 2queous alcoho! and melted at 191-102, 


Diproplonylferrocene, similarly to acetyl- and diacetylferrocene, dissolved {n concentrated hydrochloric acid 
Siving ita dark violet-red color, Dibutyryl- and dibenzoylferrocene did not possess this property, 


* Method developed by E. G. Perevalova, 
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OF Ch ;LOROBENZENE WITH ISOPROPYL CHLOKIDE JIN THE PFESENCE 
OF HSOg COMPLEX 


Academician A. V. Topchiev, B. A. Xrentsel and L. N. Andseev 


Sadhiests of aikyl-tubstituted chlorobenzenes is of theoretical intezest fiom the point of view of the study of 
the influence of substituents on the alkylation of aromatic hydrox arbons, and it also h>. 3 prectical significance in 
connection with the use of alkylchJorobenzenes for the p:epzzaticn of ceriain ind: of synthetic rubber, 


Data on the alkylation of chlozobenzene by halo derivatives of hydrocarbons in the presence of aluminum chlo- 
vide are in the literature. Thus, the reaction of chlorobenzene with ito2my] chioride In the presence of AIC}, has 
been studied at 100° and a ratio of reagents and catalyst 1-C,HyC): AIC), of 3.5: 0.6:1 Under 
these conditions, fs formed, 


Jestead of an Ssoalky] chloride, ethy] bromide was used as the alkylating agent in another investigation (2), The 
product { the resction at 193° was p-chloroethyltenzene, Cyclohexylchlorice has been used for the preparation 
of p- chlorocyelohexylbenzene {3}. 


The alkylation of o- dichlozobenzene with methy! chloride in the presence of aluminym chloride at loo" and 
12 heurs contact time leads to the formatica of trichloromesity Jene and hexemet!: {4}. 


In the work of Yu, G, Mamedaliev and Sh. Veliev (5) on the alkylation of chlorobenzene with picpylene and 
butylene using a cracked gas fiection (22% CyH,. 17% CsH,, and ~1%C,) at che alkylating 2gent, when the ainylae 
tion was carried out at a temperature of 250°, a pressure of 26 atm., and a spece rate of 0.3, the yield of chlorolso- 
propytbenzene is $475 of theoretical. A‘similer yield of chlorobyiy!beazene is obtained by the alkylation of chloro- 
benzene with butylene at a temperature of 350° and a pressure of 40 atm, ; 


In the progress of Pp: revious investigations on the alkylation of ¢ifferent clases of hydrocarbons with alkyl chloe _ 


rides in the prescace of AlCl,* HSO, complex, we studied the reaction ef chlorobenzene and isopropyl] chloride fo 
the presence of this catalyst 


EXPERIMENTAL | 
For the reaction ne and fsopropyl chic ride 


C,H,Cl+ — + 


we uted commercial reagent grade chlorobenzene ( nD 1.5248, *1.1069, for chemically pure benzene, ni? 1, 5246, 
4,°1,1054), The isopropyl chloride was prepared by the usual by the of isopropyl alcohol with 
concentrated hydrochloric acid tn the presence of zine chloride, 


The reaction of chiorobenzene with isopropyl] chloride was carried out In a thtce-necked flask fitted with a 
st rier and reflur condenser, A known amount of chlcrobenzene and the catalyst were charged to the reaction flask, 
aid then, with stiring, the calculated amount of isepropy] chloride was gradually added, 


TABLE 1 | 3 After addition of the chloride was complete, the re- 
action was held for a time at a temperature of 30-35°, 


Fraction ie At the conclusion of the reaction, the flask containing 
1 Il 1] Iv the reaction mixture was cooled with ice waters, and 
1.3990] 1.5131] 1,5160° 15118 the contents were tueated with water to decompose 
0.8858 | 1.0820] 1.0840 1. 0872 | 0.99 the catalyst, 

Mol, wt, 62.7 113 122 148.6 | 183.8 


The hyd:ocarbon layer was separated, washed with 
water, neutralized with a 10-15% solution of soda, and 
dried over calcined cajclum ch orlde. 


TABLE 2 


Composite Table of Experimen.s on the Alkylation of Chlorobeazene with Isopropyl Chloride! 


Expt.| 
No. | benzene 


Yicld, !n % of theory, of the fractions 


> 145° | 145-1707 170-210"| 210-2404 > 240° 


vocw 


- 


6 


2: 
eee 


ea 


eoenenve 


revo 


tere 
vy 
coe 
ete 


coococooov 


ES& 


oo- o 
Pale d 
rw 


The yiclds in all columns of the table were calculated on 
® Old catalyst. 3. Time, 45 minutes. 4 The reagents have alrcady been In a reaction. 


x 


of the 


fa 2/0-%0° 
fr. 170-210° 
¥ 


+e of Cheer: 


yreta of the 


Poles of 
Per of 


Fig. 1. Alkylation of chlorobenzene with isopropyl . Fig. 2. Alkylation of chlorobenzene with fsopropyl 
chloride, Effect of reagent ratio. ; chloride, Effect of mole ratio on the yields of 
different fractions, 
The dry alkylate was distilled into the following fractions; Fraction 1, 90-100; Fraction II, 100-145” ;alkyl- 
ate: Fraction Il, 145-170° intermediate fraction; Fraction IV, 170-210° (more than 80% of the fraction boiled 
in the range 192-197") ~chloroisopiopylbenzene fraction; Fiaction V, 210-240° ~ pelyalkylchlorsbenzenes, , 


The physicochemical properties of the fractions are presented in Table 2, 2 


Inspection of the data of Table 2 shows that the yield of alkylate(in experiments carled out under the same : 


E 
ml = 
to] ‘ 5.3 
16] 25 137 2 2.6 
17} 1.5 1€,5 4,3 
{23's} | ! 6.8 
254 2% 45 2 
182.5 { ; 
402.5 a2 { qn 73,0 
. 102.5 $2 $0 74,4 
102.8 92 10 71.2 = 
MI 192.5 10 8 
3% 1 102.5 $2 { 10. 2 


conditions, sec Experliven’s 30-38) sanged from $5 to 74% with an average of 71.5% of theoretical, 


The cffect of reagent ratio on the total yleld of alkylate is shown _ iin In Figure 1, from which It Is 
scen that a change In the ratio -C,H;Cl: within the limits of to 3-4 has little effect on the total, 
yicld of alkylation products, However, as shown giaphically in Figure 2, an incicase In the excess of chiorbenzene 
in the original reaction mixture leads to a decrease in the amount ef polyalxy1 derivative: formed and to a cores 
sponding Increase in the yicid of the chloroisopropylbenzene fraction, 


R 


of alkylalef, 


theory; 


5 
Jrorse cote lyst per miele ef 


Fig. 3. Alkylation of chlorobenzene with isopropyl chloride. Effect of z sount of catalyst, AiC};: HSO, 


In Figure 3 is shown the effect of amount of catalyst on the total yield of alkylate (experiments 2-10, 37,18, 
27, 28 and 2h. As follows from the graph, the yield of alkylate Cepends on tue aniount of catalyst, 2nd it ts chare 
acterized by a maximum which was found by us easlier during a stucy of the z7kylatioa of aromatic hydiccarbons 
alkyl chlorides in the presence of AlC],* HSO,. 


With the aim of accumulating alkylate, 9 experlments were carried cut ander identical conditions ( a mole 
tatio of chtorobenzene to isoprope] chloride of 1.1, 10 grams of car per mole of fsopropyl chloride, a reactioa 
_ time of 3 hours), 


Properties of the chloroisopropylbenzene fraction of the alxytate (170-21 0") are presented in Table ry 


Oxidation of the 192-197° fraction with KMnO, 
g2¥e acid, Consequently, alkylae 
192-197" | Litera- [255-219 frac- tica of chlorobeszene with fsopropyl chloride in the 

fraction ture tion (chloro- presence of HSO, yields primarily p-chlorolso- 
(about data diizopropyl- propylbenzene, 
89% of for p- benzene - 
the 170- | -chioro- LITERATURE CITED - 


210° frac4 fsoprepy} 

tion). benzene {1} E. Glectssch, Bull, Soe. Chim,, 35, 1095 
(1209), 

1.9268 1.0257 

1.5138 1.5140 1.52 [2] Schreiner, J, prakt, Chem, 81, 557(1910), 


Mol. wt 157.6 154.5 (3) H.-A. Mzyes and E, Turner, J. Chem, Soe., 
Br No, 500, (1929, 


Cl content, % 222° 22.9 
[4] C. Friedel] and J, Crafts Ann, 10, 
417 (1887). 


[5S] Yu. G, Mamedallev and Sh, Vallev, Proc, Acad, Sci, USSR, 92, 573 (1955), 
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EXCHANGE OF SULFATE IONS IN SOLUTIONS OF BASIC CHROMIUM SULFATE 


Yu. P. Nazarenko and Ya. A. Fialkov 


(Presented by Academician LL Chemyaey, September 9,1955) 


“Upon the addition to a solution of violet chromium sulfate of ‘cual 0.14 g-cqulv. of-an alkalf per 
g-equly. of chromiunr suspension appears, In time, the suspension dissolves, The solution turns green, According | 
to E, Stiasni the suspension consists of difficulty soluble sulfate formyta, 
(Cr( Oid),(CH,),),80,. Stlasnf explains the solution of the suspension by a process of clation, The addition of alkall 
to a solution of chromium sulfate which had first stood for a long Ume cid not cause the formation of a soluble 
surpension, owing to the ol-compound which had already formed during aging of the solution, The formation of a 
precipitate which did not dissolve with the passsge of time (probably chromic hydroxide) neneert only upon the 
addition of approximately 0.6 g-equiv. of alkali per S-equiv. of chromium. 


_ It cannot be consicered that the compodtion end structure of bas{e chromfum sulfate complexes Ia solutios 
have been explained, The presence of complexes containing from 1 OH” per 2 CP 10208" perl ce" ts 
assumed, These complexes contain Jons fn the janer sphere of the chromium. Moreover, 
are, In some Cegree, : 


Some authors[2, 3] assume the existence of individual complex salts fn solutions into which 0,33 g- equiv. co 
alkali perg equiv.of chromium has been Introdveed, 


During a study of chromium sulfate comple xes by fon exchange, Gustavson [4] came to the conclusion that 
such complex ions contain 1 sulfate group per 2 atoms of chromium, therefore, these zre two types of bonds for © 
the sulfate groups, The more stably bonded sulfate group forms a bridge between mvo atoms of chromium, and 
the less stably bonded sulfate group fis bonded to oaly one chromium, 


Gustavson [4] ascribed to the complex foa the structure. 


son 


LP, Suakhov {2} considers that this complex has the structure 
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11,0 11,0 


11,0 


Non 


1,0 11,0 


However, Erdmann [%) ascribed such a structure to the complex formed by boiling a dilute solution of green 


chromium sulfate (without the addition of alkall), 


We have assumed that the study of the exchange of SOY” tons between the outer and inner coordination 
spheres of chrominin sulfate complexes in soludons of basic chroinium sulfate helps to explain their structure, The 
possidility of studying the process of SO” exchange by means of tagged sulfur has been deinonstrated with solutions 
of green chromium sulfate of neutra) basicity ( prepared without the addition of alkall) [ 6}. 


Chromium sulfate was prepared from chromium trioxide by reduction with sulfur dioxide, The thoroughly 
toiled solution was allowed to stand for two weeks, The basic chroinlusn sulfate was prepared by adding barium 
hydroxide to the solution, The solution of basic cliromium sulfate was allowed to stand for a week, and was then 


analyzed, 


108 29 300 


. Fig. 1. Curves of SO¢” exchange between.the outer and Inner coordination spheres of chromlum, Experi- 

% mental curves: I) for chromium sulfate solutions in which 207 of the SOj7was substituted by hydroxy] groups (20% 
basicity), I) 4%, UN S37. Calculated for the faster process: 1°) from Curve 1; Il’) from Curve 13 II) from 
Curve 


The exchange process was carried out in a thermostat at 20 + 0.05. A certain amount of Na,SO, containing 
a radivactive isotope of sulfur S*5, was Introduced into the solution, The amovat of Na,SO, was Insignificant In 
comparison with the amount of chromium sulfate, The solution was allowed to stand in the thermostat for a given 
length of time, after which the sulfate ions of the outer and inner coordination spheres could be quickly separated, 
The separation was carried out by means of benzidine hydrochloride, which precipitated Immediately only the 
SU,” Of outer splicre, The precipitate of benzidine sul.ate was filtered off, and che of the Inner coordination - 


spoucre was precipica ed from vic filtraie in the form of barium sulfate. 
The bariuin sulfate precipitate was filtered off, and prepared for the activity determination, The samples 


were placed in a fixed position relative to the end window counter, and their activities were measured, The neces- 
saly Cotrections were introduced Into the experimentally determined activities, | 


The results of the measurements on a solution 0,79 N with respect to chromlum are presented In Figure 1+ 
Time Is plotied on the abscissa, and the logarithm of (int / ng) (where nt fs the activity of the sample taken 
attime 5 Me Is the activity of the sample taken after the end of the exchange process) 1s plotted along the . 
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ordinate. As seen from the Fiz. 1, the points fall on the curves saat with an inerease {n time, becone a straight 
line, That, when plotted semilogarithmically, the points fali not on a suaight line, but on a curve Indicates the 
pretence in the system of some different exchange processes which procecd at different rates, The caure of this 
could be the unequal bonds of the SOg~ ions In the inner coordination sphere of the chromium complex or the prese - 


ence of different complexes fn the solution, 


Instances of such complex curves for exchange reactions have not been published(7). Au exception fs a curve 
for.an exchange piocess in a system where a part of the atoms exchanged st & measurzble rate and the other part 
were practically unexchanged, Such a curve can be converted relatively easily into a straight line representing 
only the process which proceeds with a measurable rate, 


‘It fs rather easy to teat the results of measurements of the kinetics of complex reactions of Isotope exchange 
under conditions where the ccrceauation of the material into which the tagged atouns were introduced {s much greate 
er than that of the material with which the exchange {s carried out, The concentration must be so great that the Lsoe 
composition of the o:iginal tagged material remains practically constant, In this cate, jhe processes 
proceed independently ef one another, and the curves can be separated into sualght lines corresponding to separate 

~ exchange processes of fdenuical, equally bonded atoms, This separatioa is camled out analogously to the separation 
into suaight lines of complex curves for the decomposition of miatures of inde peaceny cecomposing radiosc uve 
topes[ 7}. For the remaining cases of Jsotope exchange, which occur in complex systems, the exchange rate for each 
of the processes Is a function of the exchange rates of the other auapeaee and, therefore, ueatment of the resulss fs 


complex, 


We cariled out the weatment of the exchange curves conddering the processes to be independent, This certaine 
ly iureduced an error {nto the result: obtained, however, as a result of the rather considerable difference in the 
rates of exchange of each of the oes the error could not be giezt, It is quite probable thar {t was Jess than the 


etror {n the measurements, ‘ 


The curves obtained, presented in Figure 1, are rather well separated into two straight nes, The petlod of 
half-life for each of the processes was determined from ihe lines, For the evalvatioa of the aaa of the values 


ebtzined, we determined a conection, with the aid of which the experimes.ial results Were eat d to zero 
change att = 0, After inoducing the correction, we calculated the haif-life perlod for each of the separate mease 


ments, The error did not exceed + 10%, 


It was shown that the exchznge reaction proceeded according to the first order Jaw, and was independent of the 
amount of alkall added to the solutica of chromium sulfate (independent of basicity), The half-life period for the 
fast reaction for the solution 0,79 N with respect te chromium, {nto which was Introduced 0,2 g-equiv. of alkall per 
g-cquivofchromium, wes 22 miaures, for the solutioa with 0.4 g-cquiv.of alkali 23 minutes; for the solution 
with 0.53 g-equiv.ofalkall it was 200 minutes, The half-life perlods for the slower procesres were, respectively, 830 
$39 and 610 minutes, 


The results obtained show that In solutions of basic chromium sulfate containing from 0.2 to 0,53 g-equiv.of 
alkali per 3-cquiyof chromium there are only two types of bonds for SOg” fons in the inner coordination sphere of the 
chromium, With an Increase in the amount of added alkali there was an Increate in the amount of faster exchanging 
sulvate icas and a decrease in the amount of stower exchanging fons, The exchange rate remained first order, I 

connection with this, the assumption seems probable that with the invoduction ef 0,33g-equiv.ofalkall per g-equiy.: 
of chromium {nto the solution under the conditions of the experiment, there was not formed,ia any Case, a new dee 
finite complex, which was stable and which was preseat in significant quantity, 


In such a case, the differeace in the rates of exchange of the fons, Just as In the phenomenon observed by 
Gustavson [4) during an fon-exchange study, are cependent, not on the inequality of the bonds Jn one complex molec 
cule, but on ihe presence of two different complexey These chromium sulfate complexes differ in the number of 
hydroxyl] groups in the {nner cocrdiration sphere, The introducuoa of a hydroxyl group into the inner sphere of the 
chromium causes the formz tion of olified polynuclear chremium complexes, The addition of SO¢” fons to such come 
Pleaes ts probably dependent cn an Increase in the overall elecuostatic field of such complex fons, which are come 
Plicated in comparison with the simple chroinium fon, and is also dependent on the greatcr steric efficiency of the 
adiltion of simultancously to two chromium fons with hydroxyls bonded between them, Our experimental 
data show that a further increase in the number of hydroxyls bonded to the chromium fon causes some Isbillzation of 
the bond on the chromium with SOg"ions, It {s posible that this phenomenon {s explained by an electostaile tee 
pulsion of the {dentically charged fons or by the greater trans effect of the hydroxyl fons {a comparison with water 
molecules The latter can be pioved only by a deiailed eiudy of the structure of baste chromium sulfate compleses, 
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SYNTHESIS OF 2-ETNYLANTHRAQUINONE TAGGED WITH CARBON C4 IN 
THE NUCLEUS : 


‘Associate Member of the Academy of Science USSR A. P. Terentyev, | 


V. Syavtsillo, V. 1. Savushkina, E. M. Zhernovskaya and B. A. Charskaya 


A series of methods Is described In the literature {1-3} for the preparation of anthraquinone and certala of 
. {ts derivatives with C’ in the 9 position. For our purposes, it was necessary to deyeiop: a method for the prepara 
tien of ethylanthraquinore tagged with containing an ethyl group 


2-Ethylanthraquinone tagged with carbon c¥ was prepared by the following method, 


1, Ethylation of benzene with ethyl bromide in the presence of aluminum chlorides 


_ 2. Condensation of the ethylbenzene with phthalic anhydride in the presence of aluminum chloride; 


‘CO 


3. Closing of the anthraquinone ting in the presence of oleums 


Coon. 


H 

t 


. The synthesis of benzene tagged with carbon C™ has been described previously in articles by Fields and — ; 
Leaffer [4] and by Turner and Warne { } and also in our previous communication [6] ®. 


In the preparation of the ethylbenzene, in order to obtain more complete utilization of the tagged benzene, 
we uscd an cquivalent ratio of benzene io cihyl bromide, in distinction 10 che published meihods in which an cx- 
cess of benzene wiih respect to ethyl bromide fs used, 


* In & conimunication by V. 1. Savushkina, S. V, Syavtsillo and A, P, Terentyev, through an oversight, the authors 
failed to cite the previous work of the American authors cited In this communication, 


Synthests of ethylbenzene *, Synthests of the ethylbenzenc was carried out in the apparatus shown In Figure © 
1, The round-bottomed Mask, 1, was Jolned to a slecve and mercury seal with stirrer, 2, the flask was also fitted 
with a reflux condenser, 3, which was Joined through a calcium chloride tube to a wash bottle, 4, contalning water, 
The slightly bent tube, 5, was barcly submerged In the Iquid contained tn flask, 


Into the mixture In Mask 1, consisting of 20 g(9.256 mole) of benzene and 6.1 g (0.046 mole) of sublimed 
aluminum chloride (GOST * 4452-48) ,was passed dry hydro;en chloride overs period of 45 minutes, . 


Slightly bent tube,5,was then exchanged for a dropping fennel from which was added freshly distilled ethyl 
bromide (28 g, 0,256 mole) while coollng the reaction flask witit Ice, The contents of the flask were then heated 
to 100° with constant stirring. After resolution of the reaction mixture with water, the separated upper layer, 
mixture of benzene, ethylbenzene and polyalkylbenzenes, was neutralized with a 1 % solution of soda, washed with 
water, dricd with fused calcium chloride, and distilled in a fractionating column, 


The resulting ethylbenzene had the following ‘s 
constants: b.p., 133-137°; 43°0.8650; nz? 1.4953, 
Literature data: b.p., 136° 4{°0.867; np 1.4953, 


Synthesis of 4°-ethyl-2-benzoylbenzole acid. 

The reaction was carried out In a round-bottomed 
flask provided with a mechanicat s:irrer, a thermo- 
meter, and a reflux condenser, To a mixture of 

_ ethylbenzene (7.5 g, 0.071 mole) and chlorobenzene 
(66.5 g, 0.59 mole) was gradually added pure (GOST 
10914-40), powdered phthalic anhydride (10 g, 0,067 
mole). Aluminum chloride ( 28 g, 0.21 mole) was © 
added to the suspension with a gradual Increase In © 
temperature to 35-40", and the reaction mixture was 
held for an hour at 35-40°, : 


Radloactivity and Yield, on a Padloactivity Basis, of and Yield, on a Radioactivity Basis of 

Expt, No. | Ethylbenzenz] Total radio-| Yield on aradlo- Expt No.| 4°-Ethyl-2-] Total radio- | Yield, ona 
obtained, activity of | zctivity basts, sbenzoyl- | activity - radioactivity 
(3) the ethyl- | % of original benzole jj basis, % of basis, % of 
benzengucy ethylbenzene acid ob- the 4’ethyl- | original 

3.5 142 29 tained (g) | <-2-benzoyl- | ethylbenzene. 


5.0 320 benzole acid 


(uc) 
10.8 30 10,2 270 84 


20.2 910 £2 


10% sulfurle acid(80 ml!) was put into another round-bottomed flask provided with a dropping funnel, a 
thermometer, and a reflux condenser, and heated to 55°, The reaction mass prepared above was added with stirring 
to the sulfuric acid at a rate such that the temperature in the flask did not rise above 95°, 


Chlorobenzene was steam distilled from the separated upper layer, From the heated material In the distlia- 
Uon flask was separated a lower oily layer to which was added 50 ml of water and a 10% solution of soda until a -. 
stable alkaline reaction with brillfant yellow indicator was obtained, 


The sclutfon was filtered, and 4°-ethyl-2-benzoylbenzole acid was separated from It by neutralization with 
an excess of 10% sulfuric acid; the 4’ -ethyl-2-benzoylbenzolc acid was washed with water until a neutral reaction — 
was obtained and dried at 100°. 124-126", literature data, m.p, 127°, 


¢ The method for the synthesis of ethylbenzene was worked out by R. M, Pozinskaya using non-radioactive matere 


** AliUaion State Standard 


TABLE 3 


Radloactlvity and Yield, on Radloacuvity Basis, of 
-Lhyl-anthraquinone 


Expt, No, 


2-Ethylanthra- 
quinone ob- 
tained, <g) 


Total radio- 
activity of 
the 2-ethyl- 
anthraquinene, 


(yd 


Yield, on a radio- 
activity basis% 
of original ethyl- 


_ benzene 


“110 
6.2 
14.6 


59 
190 
820 


55 
58 
75 


‘Condensation of 4’-ethyl-2-benzoylbenzole 
acid to 2-ethylanthraquinons. Jnto a round 
botiomed flask fitted witha mechanical stirrer, 
a thermometer, end a seflux condenser was 
charged 160 g of 8% oleum, The latter was 
heated to 85°, and the 4’-ethyl-2-benzoyl- 
benzoic acid was added to it portioa-wise, The 
reaction mixture was maintained at 85-87 foe 
4hours, The reaction mixture was cooled to 
temperature and poured Into Ice water, 
the ternperature rising to 90-95°. After cooling 
to 60°, the 2-eviylanthraquinone was filtered 
off, washed with warm water to the disappeare 
ance of the acid reaction, aod fused at 125-130", 


The grovnd 2- -ethylanthraquinone was purified by sublimation at 80° and a pressure of S mm ne M, P. of the 2- 


~ethylanthraquinone was 106-107" 


literature value, mp. 108°, 


The yield of 2-ethylanthraquinone based on the orfginal benzene was 15-22% 
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DEHYDROCHLORINATION OF 1,1,1,3-TETRACHLORO-3-METHYLBUTANE 


Academician A, V. Topchiev, N. F. Bogomolova and Yu. Ya. Goldfarb. 


The addition of carbon tetrachloride, chloroform, and other halo derivatives of methane tu olefins by a radical © 
mechanism with the formation of ui- and tetrzhalo derivatives of the i OIEWK has been described rather Ja ce- 
tail {In recent years[1}. There have been particularly detailed investigations of the properties and chemical wang 
formations of 1,1,1, w-tewachloro derivatives prepared by the adcition of carbon tetrachloride to ethylene £2}, It 
has been found that the w-chlorine reacts with sucleophille reagents such as NHy, KCN, KI, sodiomalonie ester, ete, 
that the uichloromethyl group does not react with nucleophilic reagents but only with elecuophilic reagents such as 
AIC}, and FeC},, and that the impossibility of hydrolyzing the uichloromethy] group jn weakly acid, neutral, or ase 
_ kaline media is connected with the inertness of this group[3). Hydrolysis of the wichloromethyl group does occur 
under the influence of concenwated sulfuric acid in a strongly acid medium, ard, as a result of the hydrolysis, we 
-chloro carboxylic acids are obtained, By dehydrochlorination with alcoholic solutions of KOH it is possible to split 
out both one chiorine from the uichloromethy] group with the formation of CCl, = CH(CH,)3CH,;Cl, and also the 

w-chlorine with the formation of CC},(CH,),CH = CH; [4}. 


We investigated the adéition of carbon tevachiloride to fsobutylene in the presence of benzcyl peroxide at | 
temperatures of 116-120" ; the reaction was carsicd out fn an autoclave. Under our conditions, the main product 
was that resulting from addition in a 1: 1 ratio, thet is, (70-78 based the 
isobutylene used), 64-65" (7 mm); nj} 1.4550, MR calculated 44.74, found 44.78, 


Found %: 28.65; H 3.90; C1 67.40 
Calevlated %; C 28,57; H 3,81; Cl 67.62 


In acdition to the main product, there was obtained a small ates 2 of the product obtained by the ade 
of to iso-C,H, in a ratio of 1: 2, Clg, b.p. 89-90" (1 mm), nb 1.4979, 


Owing to the presence of the tertiary chlorine, the properties of the compound obtained differ somewhat from . 
the properties of the straight chain compound obtained from the reaction of carbon tetrachloride with ethylene. For 
example, the reaction with aluminum chloride more 


mi 108 5, 0.5 mole ) of 88 m1(1.0 mole) of benzene, and 6 g of AICI, were stirred ats 
temperature of —4 to —6° for 6.5 hours, andwere again stirred for 11 hours at room temperature on the following 
day, Liberation of HC] was not noted, The reaction was bla¢k; cn the bottom of the flask was a black residue from 
_ which a Iule yellow oil was liberated by decomposition of the residue wlth water, After distillation of the unreacted 
material, ere peronined several grams of a thick residue from which was Isolated a fraction boiling at 80-113° (2 
mm), 3.5 g; 1.5410; Cl content 21,56, 21. 60%, 


2380 In benzene solution was heated with 10 g of AICI, at 90-97" for 4 hours ina Nask fitted 


with a reflux condenser, Liberation of HCl] was not obs erved, After distillation of the unreacted material, 1.5 3 of 
a brown oil remained, 3 


_ proceeds readily in the presence of chloride, 


1) By heating 80 ml of C;H,Cl, dissolved {n 90 ml of benzene with 1.0 3 of FeCl, fos 3.5 hours in a flask fite 
ted with a reflux condenser and by simulisneously passing through the flask a slow stream of nitrogen, 20.35 g HCI, - 
tomewhzt more than 0.5 = mole, was collected in a solution of N OH. After washing with a solution of soda and 


with water and — off the benzene, the residue was distilled under vacuum, anda fraction bojling at 32,5° (7 
mm) was obtained; ni 51. 4740, 


Found C 34,46, 34.17; H 4.563 4.54; C1651,24; 60.68 
Caleulatedfsy 34.58; H 3.983 Cl 61.44 


The material was very stable, on standing exposed to Nght and the atrnosphere for a year, neither the color 
Ner the empirical composition changed although {t did dccolorize bromine water, Evidently, in this case, as fs 


found In the case of straight chain compounds, chlorine was split from the trichloromethy! group to form 
cl 


In addition to the main dehydrochlorination products, several grams of a material boiling In the range of 85-_ 
110° was obtained, nb 1,52-1.54; chlorine content 45%, The material was vastable; on wang it rb 
turned yellow, 


2) 80 ml of CsH,Cl,, 40S ml of benzene, and 1.5 g FeCl, were heated In an autoclave ata temperature of 
125-130" and a pressure of 1150 atm, for 3,5 hours, When the autoclave was opened the next day, a considsr- 
able amount HCl (not collected) was given off, After distl}stion of the benzene and unreacted C,H hy there i 
was obtained a heavy residue from which was liberated 16 g cf materixl boiling at 70-124° (2-3 mm), np 1.5340; ~ 
Cl 37,2572. It cau be assumed that this materiai was a product of the condénsation of CsH,Cl, with wi 


The dehydrochlorination of CHCl, with an alcoholic solution of potassium hydroxide was carried out at or, : 
room temperature, and somewhat above, Judging from the literature data 2), we could = da splitting _ ofthe -- 
tertiary chlorine with a subsequent allylic rearrangement; é 


KOH | 


CH,- CH,-C = CH-CCl,—> CH,;-C-CH=CCh, 
C,H,0H 


By using KOH in an amount somewhat over that required for <plitting off 1 mole of HCl, we always obtained 
as the main reaction product an ether which was formed by the addition of the alcohol used as a solvent for the re 
action (methyl, ethyl, n-propyl) to the coudle bond of the trichloroisopentene resulting from the dehydrochlorinatioa, 
Methyl alcoho) auded more easily than ethyl, and ethyl added more easily than propyl. In the case of methyl alco- 
hol, there was obtained an ether boiling at 43° (7 mm), 5 1.4670, d:° 1.1624; MR calculated 49.81, found 40,34, 


Sound Gj: C 42.51; 42.57; H 6.22; 6.19; Cl 41.94, 41.99 
1,0.Calculated%: C 42.695 H §.91, Cl 42.01 


The ether obtained with ethyl alcohol boiled at 49° mm); 1.4620; 11262, MR, calculated 45.43, 
found 45.09, ; 


Found So: C 44,37:°44.23; H 6.39; 6.14; Cl 38.07 
C 45.90s H 6.58; 38.80 


These ethers were characterized by a pleasant odor, on standing, they turned yellow, splitting off HCl. The 
ethyl ether added to EF; forming a complex compound, it decolorized bromine water in the light, Quantitative 
addition yy bromine did not occur, but the bromine addition product was isolated, and it boiled in the range 100+ 
140°, ny 1.5790, : 


The addition of propyl alcohol proceeded with — The ether boiled at 60-64" (7 mm) (the boiling 
point corresponded to that of the original C.H,Cl,); nj 1.4720. The product of the addition of _ under these 
same conditions was obtained in small yield: the boiling rarge was very wide: 100-140". (7 mm); nb 1.5500, 


In addition to the ethers, there was always obtained a small amount of material boiling in the range 20-25° | 
(7 mm) (trap) with 1.5900. This material was very unstable, beginning to darken in the receiver of 
um column. On lhataes standing, it complztely resinified, liberating an upper layer of a colorless oi] with ny 1,3900.. 


In an article by Kharasch and co-workers [5]. in the description of the products of the addition of CC1,Br to 
various olefins, among others there was described the reaction of CC1,Br with {.obutylene with the formatioa of 


ct 
CH 
Br : ee 
In thie work, {t was shown that8 ,8 -dimethylacrylic acid {s formed by the hydrolysis of the addition product with 
porassium alcoholate in an amount sufficient to split off all the atoms of halogen, We carried out chis reaction 


174 


with our product, and 6.8 -dimethylacryle acid Ina yleld of ~50% was obtained both with potassium alccholate 
and with an alcoholic solution.of KOH, This ,8-dimethylacrylie acid, aficr two tecrystallizaions from watct, 
melicd at 70° (handbook value, £9-70°), A mixture of the test —* with a known sample os. -B- dimethylacrylfe 


ac!d also melted at 70°, 


“Found Jot C 60,02; 60.11; H 8.08; 8.09 
CsH,0O; Calculated}; C 60,003 H 8,00 


CHs CH OC,H, 

d. 
CH,—C — — CCh C,H,0H == CH — OC,H, 
OCI, 


KOH 
H,9 


CHs cH, 


On 


This same acid was obtzined by repeated treatinent of the previously prepared methyl ether with ao alechol- ; 
ic solution of KOH, It can be assumed from this that the ether has the following fesranaSg 


HG OR 
= 
a 
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SYNTHESIS OF SODIUM “TRISILICATE IN THE CRYSTALLINE STATE AND A 
STUDY OF ITS PROPERTIES 


Associate Member of tke of USSR Budnikoy and 


M, A. Matveev 


The system Na,O-SiO, has been studied by many invesilgators, The most complete data are those of | 
Krecek{1]; supplementary data on the equilibrium diagram of this system have becn preseated by Loeffler, by © 
Morawitz and by Lillie[2-4]. There {s no menifon in these works of the fezmation of a compound coresponding- . 
In chemtcal composition to the formula N2,;0* 3S!10,; however, {9 cominercial operations, alkall silicates corres 
. sponding to this varie pees are encounicred in che vitreous state as the so-called silicate-block and sillcate granue 


edt Our investigations of the system N2,0-Siv, 


have established that It fs possible.to form the come - 
pound Na,O- 3Si0, in the crystalline state, the 
‘compound having been synthesized from a homogee 
_Meous mixture of analytical grade, powdeied, 
hydrated silfea end C.P.soday The mixture 
and soda, in a molar ratio N2,0. Si0,= 3:1, 
was heated fn a platinum crucible in an electrle 
furnace to 1450°, and was maintained at this teme 
perature for 2 hours, At the end of the soaking 
period, the silleate melt wat cooled In the planirum 
crucible on a polished stec! plate, 


_ Chemical analysis of the glass obtained gave 
SiO, 715.35 9 and N2,0 24.657, which corresponds 
| to the molecular Crystal- 
ization of the vitreous sodium tisillcate was 
studied by the method of Ponomarey-Keshishyan 
Fig. 1, Rate curve for the crystallization ef Na,0- 3810}. [1.6]. Samples of this sillcate were placed In 

series of 2.5 mm diameter cells fn a corundum 

: specimen holder which was mounted on a porout, 

refractory block about 20 cm long , and the assembly was Inserted into the Silt clectric furnace, The temperse 
ture Ip the specimen holder, which was measured with Pt/ PtRh thermocouples, was distributed over the range of 
1100 to 600°, Soaking in thls temperature Interval was carried out for 4 and 6 hours, 


The rate curve for the crystallization of vitreous sodiuin trisilicate fs prerented In Figure 1. From this curve 


it follows that the optimum temperature for the crystallization of vitreous Na,O- 3Si0; fs 100°, 


Thermal inaly sis of the vitreous and crystalline Na,O- 3SiQ, resulted fn the thermogram presented in Figure © 
2. The exothermfe peak at 700° on the thermograin for vitreous Na,O- 3Si0, corresponds to {ts devitification, snd 
confirms the established optimum crystallization temperature of this compound, The endothermic effect at 750° - 
corresponds to the fusion of crystalline N3,0+ 3810, it {s also observed on the thermogram for crystalline’ 
Na3;0- 3Si0,, The absence of an exotherinic cifect at 700° on the thermogram for crystalline Na,O- 3S{0, we 
confirms the crystallization of viscous sodium ulsificate at this 


} A. 

| 

es | 
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750 


TABLE 1 


Ime 


2. Thermograms for vitreous (I) and crystalline 
Na,O- 3Si0, 


- 


° Measurements carried out by Yu, P, Simanov, 


Intensity, 1, Interplanar |Intensity,L [Interplanar 
of the Inter- | distance, | of the inter- | distance, - 
ference lines | d, in kX ference lines] 4, in kX 
according to according to 
the 10-point the 10-point 

_ system system 

5.550 3 . 2.010 

1 $.975 3 1.948 

$ 4.100 2 1.879 

3 3,840 1 1,747 

4 3.686 1 1.640 

4 3.491 1 1.610 

2b 3.373 1b 1,536 

3 3.149 2 1.464 

3b 3.040 1 1.397 

3 2.873 1 1,375 

8 2.464 1 1,240 

2 2,274 1 1.2% 

1 2.199 1 1,207 

3 2122 1 1.196 

3 2.065 1 1,102 


200 g of crystalline sodium trisilicate was 
synthesized by us for the study of Its niicrostructure, 
Crystallization of this compound was carricd out fa 
the ternperature Interval 700-750° with alternate 
3-hour soaking periods at the upper and lower Iimlts 
of the temperature range for a total of 33 hours at 
150° and 39 hours at 790°, 


The Investigation of the microsuucture of cry- 
stalline sodium trisilicate under the polarizing - 
roscope (sections prepared In kerosene) showed that _ 
the well-developed crystals differed in optical con- 
stants and syngony from the known crystalline monoe- 
and disilicates of sodium([7), and represcnted a new 
form corresponding In composition to the formula 


In the main, prismatic crystals were observed 
in the section, These crystals form well expressed 
spher ‘ltes (Figure 3), the length of the needles vat, - 
ing between 0.4 and 0.5 mm, The crystals are 
biaxial, optically negative with parallel and oblique 
extinction, and monoclinic syngony, The extinction 
angle varies within the limits of 20 to 40°, The re- 
fraction tndices of the crystals were determined by 
the Immersion method, and are: No = 


(ave, 1.5025); Np = 1.493-1.495 (avs, 1.4965). 


They exhidit double refraction 1.8025— 
1.4965 = 0,006, Finely ground cryst2]sof 
sodium trisilicate were studied by X-ray methods - 


“(fron anode, 12-hour exposures), 


The results of the ineasurements of {ntérplanar 
distances and the Interference lines * are presented 
in Table 1, From the Table it {s seen that, in the 
samples of Na,O- 3SiO, studied, Ines for the Intere 
planar distances of the crystalline meuo- and dix 
silfcates or sodium are absent [7], 


Determination of the density of Na,;O- 3SiO, : 
with three parallel samples by the pycnometer method 
using kerosene gave a value of 2.9443 for crystaliine . 
form and 2.5455 for the vitreous form, These figures 
show that the structure of vitreous sodium wisilicate 


{s expanded In comparison with that of the crystalline form. The degree of expansion, determined from the ratio 
(2.9443 — 2.5455) ¢ 2.9443]* 100, Is 13.5%. Dilatomewic Ceterminations of the Hnear thermal coefficient of exe 
pansion of sodium wlsiticate In the vitreous and crystalline states were carried out In the temperature range 20-308 
The value at 300° for vitreous 114,0- 3Si0, Is 108- 10°7 and for crystalline Na,O- 3Si0, it {s 165- 107%, 


An Important property of Na,O- 3S10,, which particularly characterizes Its structures {n the vitreous and 
Crystalline states, is the rate at which these forms of the wisflicate go Into solution, The rate of solution in water 
of crystalline and vitreous sodium trisilicate was determined by us by means of electrical conductivity at a tem- 


- perature of of 20° on samples ground to an average particle diameter of 60). The results of the Investigation are 
presented In Figure 4, 


Fig. 3. of N2,0- 3Si0, In polarized light ( 300X) 


‘The results of the Investigation of solubility 
shew that the electrical conductivity curve of ery- 
stalline Na,O- 3SiO, has a sharp maximum = 
solution time of 15-20 minutes and 2.65- 10°? ohm”, 
As this maximum Is reached, there is observed In the 
solution the separation of a voiumirous, white, floc 
culant precipitate, which is explained by the raid 
hydrolysis of the crystalline Na,O- 3Si0, 
to the equations 


{aio~) 


Na,Si,0; + 2H,0—* H,S1,0, + 2Nat+ 1) 


2 
~ 


As a result, the precipitate contains the water-va 
JOD stable silicic acid of the composition Simule 
“tencously, the concenuation of sodivm fons Increases, | 
Fig. 4, Rate of solution of vitreous (I) and crystal- and this causes a corresponding Increaze In the elece 
line (11) sodium ulsilicate in water, ; uical conductivity of the solution giving rise to the 
maximum in the curve, The unstable silicle acid - 
with the water, in all abittiy, Water- ~unstable orthosilicle acids 


H,S1,0,; + 5H,O— (2) 
Orthosilicle acid dissociates in solution according to the equation 4H* + In connection with 


this, the hydrolytically formed Na", fons are inked solution by (SiO)* fons forming readily soluble, 
sodium orthosilicates 


4Na* + Na,SiO,. (3) 


This reaction will proceed until equilibrium Is established between the Na’ fons and the (sioy* foot, At the 
onset of this equilibrium, the concentration of free sodium fons in the solution substantially decreases, and the 
elecuical conductivity gradually decreases and becomes constant, 

The curve for the rate of solution of vitreous N2,0- 3S10,, Figure 4, shows a gradual Increise in the electrical 


‘ 
- 
4 
| 
| 
- 
; 
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conductivity of the silicate solution, where:pon during the solution of the vitreous Na,O+ 3SiO,, in distinction from 
the crystaliine form, precipitation of a flocculant precipitate is not observed in the cited temperature and time 
{ntetvals, The extent of hydrolysis ocuring during solution of ciysialline and vitreous Na,O- 3Si0, was determined 
by us from the amount of sodium hydroxide formed hydrotytically during the same time intervals, The results of 
this determination showed that, upon dissolution, cry:tailine Na,O- 3SiO, hydrolyzes strongly for the first 10 minutes 
(up to 70% of the total quartity), Such hydrolysis of crystalline Na,O- 3SiO, is, apparently, explained by the fact 
that in the crystalline state the sodium ions are disposed in a strictly determined and regular crder, and because of 
this they are more available for the action of water on them simultaneously, so that the process of ulssolution in the _ 
initial period procceds more intensively aud is characterized uy a higher degree of hydrolysis, The structure of the 
vitreous form does not have such strict znd regular recurrent distribution of sodiura fons, On the conuary, it {s exe 
panded and little ordered with an uncentered distr:bution of sodium ions, because of this, the process of Its passage 
{nto solution is accomplished more slowly and is not accompanied by vigorous hydrolytic decomposition; solution © 
proceeds by diffusion, that js, the water gradually diffuses Inco the structure, Asa result, there fs a gradual leache © 
ing of the silicate and a slow accumulation of sodium: fons in the solution, which is characterized by the smooth 
elecuical conductivity curve for the solution of vitreous sodium trisilicate, 


The investigation presented permits the following conclusions 


1, It wat established that a new. compound, i 3SiO,, can be formed in the crystalline state in the a: 
Na,0-SiO, at a temperature of 700-750°, 


2, Kate curves for the crystallization of vitreous Nz,0- 3Si0; are given, 


3. The microstructure was studied, the optical constants of the crystals and the interplanar distances of the | 
lattice cf crystalline sodium trisilicate were determined, 


4, The tendency toward hydration of crystalline N2,0- pee was studied, and the density, solubility, and 
coefficient of thermal expansion were determined, 


5. The study of the properties of crystalline Na,O- 3SiO, shows sin the synthesis of high silica crystalline 
sodium silicates is possible by means of protracted crystallization of vitreous silicates of the same composition, 


6. The investigation of the crystallization of vitreous Na,Q+ 3SiO, and thermal analysis of the vitreous and 
crystalline states show that the glasses of the system Na,0--SiO,, apparently, are constructed of the sillecon-oxygea 
ions SiOs, Si,O,, $1,0;,,Si;0,, ete., as the basic structural elements of sodium silicates and which form chains of - 
silicon-oxygen tetrahedrons in different combinations among themselves and the sodium ions, Upon prolonged 
soaking, at the optimum temperature, these structural elements form the crystalline structure of the silicates, pais- 
ing over into their aggregate - stable-crystalline form, 
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SYNTHESIS OF SOME ORGANOPHOSPHORUS COMPOUNDS AND AN INVESTIGATION 
. .. OF THEIR EFFECTS ON THE PROPERTIES OF MINERAL OILS 


P. I. Sanin and V. Vv. Sher 


(Presented by Academician A.V. Topchiev, September 23,1955) 


“In the present anicle are the of the and investigation of a series of compounds, 
vatives of dithiophosphoric and phosphoric acids, some representatives of which, as was established, are active come 
plex additives of mineral lubricating oils, The investigation of the properties of the compounds synthesized prevented 
the possibility of establishing rules connecting the suucture of the compounds with their activity as additives, The 
value of the various organophosphorus compounds as additives for mineral lubricating oi}s ¢an be appreciated just 
from the broad patent literature devoted to this question {1], however, a systematic investigation in this field Las 
not been carried out 


In accordance with the aim of the investigation, we synthetized:. barium and nickei salts of esters of dithlo- 
phosphorie acid, containing hydroca:bon radicals of different structures (see Table 1, preparations 1-9) potassium 
- octadecyldithiophosphate (No. 10), disulfides of the general formula (ROj,PSS— SSP(OR), “Nos, 11 and 12), and barl- 
um dioctadecy} phortphate (No. 13), The compounds synthesized are nor cescribed in the i. 2. 


The esters of dithiophosphorie acid — dialkyl] dithiophoschates — required for the prep3ration of the salts and 
sulfides were prepared by the reaction of phosphorus pentzsulfide with alcohols (2-6). Di-a-buty] cithiophosphate 
(b.p. 121.0-122.6° at 2.5 mm,di* 1.0689, nis 1.4949) and dijsoamy] ¢cithiophosphate (b.p. 147,0-148.0 at 2.5 mm, 
oi” 1.0354, ny 1.4287), which were distilled under vacuum, were oily liquids; di-n-decyl- and di-(2-hepiylundesj]) 
dithioph orphate, which were noi distitled, were viscous Mquids, di-n-octadecyl dithiopiicsphate was 2 white, ‘amorphe 
ous matericl; di-n- octadecyl phosphate was a white crystalline material (m.p, 79,5-80.5°}. 


The barium salts were obtained by the reaction of barium hydroxide with the cialkyl dithiophorphates, the 
nickel salts were obtained by the reaction of the potassium dialky] dithiophotphates with nickel sulphate, The dirule 
fices were prepared by oxidation of the corresponding cithiophorphates with iodine in alkaline medium [6}. 


The barium dialky) dithiophosphates were white, crystalline materials; the nickel salts were lilzc-colored crys 
stalline materials; the intensity of their color dying out with an increase in the molecular weight of the compound 
(of the hydrocarbon radicals), 


1.5 % solutions of the synthesized materials in MS-20 mineral of] were investigated (Tabie 1), the effect of 
these materials cn piston varnish was established using a PZV engine operating under standard conditions (maximum | 
formation of pision varnish is represented by § points, no varnish by 0) and their effect on the corrosion of lead © 
plates under star. dard conditions was also established, The mineral cil without additive gave 2 piston of 
4.5 points and a corrosion of 45,0 g/ m*, 


‘From Tzble 1 it is seen that, in the series barium and nickel di-n-butyl]-, diisoamyl-, di-n-decyl-, and di-n- 
-octadecyl dithiophosphates, the activity of the compounds increases with an increase in the size of the hydrocarbon 
radicals, The most active, sharply reducing the forn.ation of varnish and corrosion, were bariuny and nickel di-ne 
-octadecy] dithiopho:phates( preparations Nos, 4 and 9), The barium Cioctadecyl dithiopho: phate with branched radfe 
cals, namely, barium di-(2-heptylundecy}) dithiopho:phate ( prepazatien No, 5), waz only a little less active than the 
compounds containing susight chain radicals (preparations Nos, 4 and 9). In addition, barium dithiopho: phates with 


branched radicals are considerably mote solvble in hydrocaibon media, and, therefore, are of considerably moue intere 
est as additives to mineral ofl, : 


The disuifides synthesized ( preparations Nos, 11 and 12) approximated the dishiophosphates in structure; the 
difference is that dithiophosphates of divalent metals contain the grouping ~S—Me-S—. and in the disulphides the 
sulfur atoms are directly joined, -S—S—, From Table 1 it is seen that the ditulfides have practically no inhibiting | 


ey | 
| o's 
| 
9s 
st 
eo 
ety | 
gee | 


ralood 


490) ass — sod 
«*H°90) dSS$ SSd “(O"H"D) 


IN Issa 


N Issa {O"H"!'D)) 


IN 


IN"Issd 


Bt 
ssa 


Issa 


rg 


"Issa {O*H"D)) 


)} 


oreydsond 


aeydsondonnip 

tunissting OT 
pieydsoyd 

6 
oirydsoud 

8 
oitydsoyd 

YAteosiip 
airydsoud 


airydsoudonnip 


oivydsoud 

arequsoud 
g 

oieydsoud 


wnyeg T 


- — | 20°08 
— 
81°C 
zy 
1 29°44 
66°6 
IN) = | 
78° 0} €9°O} IN) | 
06°8 
— 
— | — 
ch 
| GEES PA! | 
Gf. 
93°22 | 69°02 | 
"ores; puno} | puno} 


| 
| 
09°» c9°d Sot}. 
| 
90°L 190'L | 
| | SOR 
Ty 
160°) 0°66 
£2°9 
[0°OSt—0' aL} 
L5°6 
‘oreo! punos! 
(%) d 


PINUS 


| 


effection the formation of varnish, this latter pfoperty of addiuves, evidently, depends on the pieence of metal 
atcinz, for example, barium, nickel, or potat:ium, in compounds of the type of salts of dialkyl dithiophosphates 
(compare preparations Nos, 4, 9, 10, and 12). In addition, this property of additives 1s not connected with the pres 
ence of sulfur atoms in the dialky! dithiopho:phates, since barlum di-n-octadecylphosphate No, 13) had 
the same activity as the coresponding dithlophosphate ester ( prepazation No, 4), 


+ + From the data presented, it follows that the chief carrier of anticorrosion properties In high. molecular welght 
ralts of dialky) dithioptiosphatés the sulfur (compare preparations Nos, 4, 9, and 13), and this is also confirmea by 
the of the ditulfide vest (preparation No. 12), 


An inveztigation of the dialkyi dithfophosphates as [ pour point) depressors (additives increasing the fluidity of 
paraffin mineral oils at low temperatures) confirmed the previously devetoped ideas on the structure of ¢epressors 
{7}, and Jemonstrated the high activity of dialkyl dithiophosphates containing long ee radicals of normal 
structure, 
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SYNTHESES AND PROPERTIES OF SOME ALKYL ESTERS OF ETHANETHIOSULFONIC 
ACID 


B. G. Boldyrev and A. K. Litkovets | | 


(Presented by Academician I. N, Nazarov, September 26, 1955) 


Alkyl esters (1) of alkancthiosulfonic acids are almost without description in the Mierature; nevertheless, they 
are of great interest, since in structure they suggest analogs (11) of the active principel of garlic £32 — the natural antl- 
biotic allicin (Mn. 


(ID) 
CH, = CH-CH,~SO- S-CH,-CH = CHZ UP © 
In the opinion of B. P. Tokin[2}, the antibacterial properties of allicin and the lighter fractions separated from . 
plants are related to 3 single group and represent the curative or protective powers of higher plants, in this case, it 


‘ould be expected that allicin, its anatogs (1M), and the alky! esters app: ee it in composition (J) must possess 
high activity, especially against phytopathogenic bacteria, 


Bi For the further confirmatioa of this theory, the piesent work had for its goal the preparation of some alkyl esters 
~ (IV) of ethanethiosulfonie acid which, similarly to other compounds of the type of (1), are almost unkown up to the 
presents 


CH,-CH,-S0,-SK 


The cthyl ester of ethanethfosulfonic acid has been prepared earlier by the oxidation of ethyi mercaptan £3) 
and by the reaction of potassium ethanethioselfonate with ethyl bromide according to the reaction (4). 


~SO;-SK + + KBr. 


It wes a heavy colozless or weakly yellow oil which distilled with decomposition at 130- 140° and possessed 3 
disagreeable, persistent odor of onions. 


The «thanethtosulfonate requized for this synthesis was er by the action of ethanesulfony] chloride on aa 
aqueous soluuion of potassium sulfide [4]: 


+K,S-> + KCL 


The potassium ethanethfosulfonate was not isolated from the reaction mass; its alkaline solution was evapore 
ated to dryness, was treated with boiling absolute alcohol, and the alcotolic solution was used diree“ly for the 4c, aca 
tion of the ethyl ester of ethanethiosulfonic acid by warming with ethy)] bromide on a water bath, 


The ethyl ester of ethanethiorulfonie acid has been mote recently prepared by this anne methed (5). also with 
out the Jsolation of the potassium etharethiozulfonate, Ithad a b.p, of 56° at 0.2 mm, nb 1.4972, 


At the same time, another method for Its synthesis was described — the oxidation of diethyi disulfide with pere | 
acetic acid in ethy] scctate solution; the yleld of final product by this method was only 12 % of theoretical, 


For the synthesis of the alkyl esters(1V), we made use of a well-known inethod [6, 7], the essence of which Is 
exptessed by the following series of equations, 
a-SO. PC! 


— 


We preparcd potassium ethancthiosulfonate ( V) by the reaction between ethanesulfonyl chloride and an aqueous 
solution of potassium sulfide with subsequent evaporation of the reaction mixture to dryness, extraction of the dry 
residue with buty] alcohol, and isolation of the crystalline product, after two-fold recsystallization from absolute alco 
hol, the potassium ethanethiosulfonate had a constant b.p. of 154°, and was a colodess crystalline material very scadl- 


ly soluble {n water, readily soluble in boiling ethyl! and butyl alcohols, and insoluble in ether, chloroform, and 
benzene, 


It crystallizes from absolute alcohol in the form of thin plates, and from butyl alcohol in the form of fag 
needles, 


Found %: 39.10, 39.19 
Calculated %, S 39,06 


The alkyl esters (1V) of ethanethiosulfonic acid, the properties of which are sented in Table 1, were 


pared by us by the resctioa of potassium ethanethiosulfonate with alkyi halides in an aqueous acetone medium both | 
at room temperature and with heating. 


TABLE 1 


Alkyl group Sulfur.% Yield, % of 
(1-2 mm} D 
found | found cale. theory 


CH,-CH,- 02 1.1987] 1.4985 |37.75 | 37.90] 41.65 41.58 | 78.0 
CH,-CH,-CH, 109 | 1.1557}1.4954 ]42.48 | 42.52] 38.02 38.11 | 70.0 
| 

102-103 | 1.1489]3.4918 [42.70 | 42.521 38.23 | 38.11 28.0 


CH, 


CH, = CH-CH,~ 109 | 1.1987]1.5161 |41.90 | 42.05] 33.54 38.57 | 86.0 


116-117 1.1283}1.4916 [47.26 47.14 33.32 35.18 $5.0 
CH, 


CH~CH,~ 42-113 1.1927]1.4966 47.06 | 47.14] 35.15 35.18 125.7 
CH; 3 


© The refractions of the group Sso, and of sulfide sulfur were taken as 3. 63 and 8. 00 (average vie, respectively, “3 
exaltation of the group—SO, was taken as + 0.6 (6, 1} 


At room temperature , the reaction proceeded very fast only with cllyl brounide, being practically complete | 
after 15-20 minutes; with ethyl, propyl, and butyl bromides the reaction proceeded considerably more slowly, reach 
ing completion under these conditions only after several days; and, finally, with isoprogy! and isobutyl bromides the 
reaction proceeded very poorly, and even after standing for 10 days the esters were obtained in yields of only 6-7 % 
of theory. Warming for two days on a water bath increased the yields of these esters to 28-30%, With the other alkyl 


halides used by us, upoa warming on a water bath the reaction was complete in 3-4 hours giving — of final prod- 
ucts of 55-78% of theory. 


This alkyl esters (1V) of ethanethinsulfonic acid, after vacuum distillation, were colorless, mobile, oily liquids 
with the sharp, persistent odor of onion or garlic, sometimes very disagreeable: they are very poorly soluble in wacer 
and very soluble in alcohol, ether, chloroform, acetone, benzene, and other organic solvents. They were completely 
unchanged after lengthy storage at room temperatuie, were stable to heating up to 120°, and were easily distilled 
under vacuum at a pressure of 1-2 mm Hg, however, they were partially converted to resins by this last treatment 


In physical properties they were very remin{scent of the alkyl esters of other alkanethiosulfoniec acids (6, 7), and 
also of allicin (If) and its synthetic analog (Il. 


A srdy of the antibacterial activity of the esters(1V) synthesized by us, carried out at the D. K. Zabolotmy 


‘Institute of Microbiology of the Academy of Selence USSR *, showed that the. products (JV) exhibited bacterlostatie 
action on Staphylcec, aureus, B, coll, Mycobacter,Bs, and also on dif.erent fungi (mucor, Penicillium, Rhizopus, 

Aspergillus, Fusarium), hence, the <a of the esters ly) depencsto some extent on their structure end fluctuates 
within rather sharp limits, 


The ethy] ester( VI) possessed the least aetivity with respect lo Siaphyloe. aureus, Jt fs interesting that, ace 
- cording to the data of Verne and Small [5), this same ester was not inferior, and in a series of cases it preceded in 
bacteriostatic action on different forms of bacteria the analogous ester( VII) of ethanethiosulfonic acid, one of the * 
closest analogs of allicia 


(VD (VID. 


mea ésiess of ethanethicwulfonte acid, the greatest antibacterial actlyizy was possessed by the butyl 
ester which, with respect to action on Mycobacterium 3, By and Staphyloc. aureus, excelled ester (VI) by factors of 
2 and 4, respectively. 


The high toxicity and dia considezable deactivation of certain of the € esters (IV) by blood makes thelr use as 
medicinal agents difficult, 
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SYNTHESIS OF 3-CYCLOPENTEN-1-ONE AND 2,5-DIMETHYL-3-C YCLOPENTEN= 
-1-ONE 


B. N. Dashkevich 


(Presented by Academician J. N, Nazarov, September 23,1955) 


The cyclic pentenones described In the literature have a double bond in the a-positfon with respect to the 
carbonyl group. 1. N, Naz2rov worked out an Interesting methed for the preparation of unsaturated cyclic ketones 
with five-membered tings starting from vinyl-ally] ketones which, under the influence of phosphoric acid, undergo’ 
Cyclization [1), Havas: the pentenones obtained by this method always have the double bond in the ring in the ae 
-position, It has been shown by us that symmetrical doubly unsaturated ketones when cyclized yield ketones with # 
¢oubdle bond in the 5-position, Turning attention to the formation of symmeuical saturated ketones by the welle 
known method of Williams and Friedel which involves the ery distillation of calcivin of barium salts of carboxylle 
acids, we decided to test this methed on the simplest acrylic acids {a te hope that high temperature pyrolysis would | 

Jead to the cyclization of the doubly unsaturated keiones formed, By this means, we succeeded in preparing two 
cyclic ketones with the double bond in the 8 -position, namely, 3-cyclopenten-1-one and 2, 5- Raters) 3-cyclopenten- 
-1-one, 


The process of preparation of the first hetone czn be represented by the followings 


\ 
- 


CH, = CH-COO CH,= cH ; CH, 


Ao analogous mechanism can be assumed for the formation of the second ketone (2,5-dimethyl-3-c yclopentens 
CH 


3-Cyclopenten-l-one, The calcium salt was prepared from acrylic acid(b.p, 139-141°) by neutralization 

with calcium carbonate, After careful grinding, SO g of this salt was mived with 80 g of quartz send, The thermal 
decomposition was carried out in a round-bottomed flask of refractory glass which was connected to a% inclined cone 
denser, the temperature was maintained at 450-S00°, The process was concluded in 1 hour, 16.6 gtzms of a darke 
colored pyrolyzate with a definite odor was collected in the receiver, After drying with sodium sulfate, the pysoly- 
was distilled, The Initiai boiling point was 82°, The final fraction, boiling at 133-135° and amounting to 

§. was collected and analyzed, Qualitative reactions showed that this was an unsaturated ketone, The yleld was 26.9% 


° Mine present work was carried out Jointly with V. K. Orlov and V. 1, Tomchant, 
Amount iMegible in original text, 


7 
CHy N | C=0 
cH? 


The molecular weight found (cryoscopically) was 84; caleplated for C,H,O, 82. Bromine number, found 1975 
calculated for cyclopentenone 195.1 (for aliphatic ketone, that fs, for divinyl ketone, the calee- 
lated bromine numbcr is 390.2), Found d’ 0.9821, nb 1.4590, 


Found %: C 61.8: H17.3 
Calculated %; C 68.2: H 7.6 


The oxime melted at 50- $1°. 


In order to determine the position of the double bond, bis sii was subjected to oxidation with 1% solution 
of permanganate in a weakly alkaline medium, The oxidation product was acetonedicarboxylic acid, apparently 
since we itolated and identified acetore. We did not succeed in isolating products other than acetone, From this 
fact, it follows that the double boad was in the ring in the 8-position with respect to the carbenyl group, 


2,5-Dimethyl-3-cyclopenten-1-one, The meth -tylic acid used as the starting material was prepared by us, 
b.p. 68-73", np 1.431. Its calcium salt was prepared by neutralization with calcium carbonate, Pyrolysis of the 
methacrylate was carried out in the same manner as used In the preceding synthesis, From 100 g of salt was ob- 
tained 45 g of pyrolyzate. From a second ‘distillation of the pyrolyzate a fraction boiling at a 187° was collected 
in an amount of 16,2 g which represents a yield of 31.2% ketone, ; ie 


The molecular weight found (cryoscopically) was 113, cateutated for 110. Bromine ouraber, found, 
148; calculated for the cyclic ketone 145.6, Found: 0.8971; nD 1.445. MR: found, 32,612; ealcu- 
lated 31.870(exaltation, + 0,742), 


Found = C 75.93; H 8.87 
Calculated9s: C 76.36; H 9.09 


The melted at 160- 162" and the 2,4-dinitrophenythydrazone at 


This unseturated cyclic ketone was subjected to oxidation with permanganate in a weakly alkaline medium 3 : 
this resulted in the formation of formic acid and acetone, which can be explained only by assuming that a double 
bond Is in the 8 -position to the carbonyl group. The formation of formic acid can be explained by the splitting 

- off of a methyl grcup, and the formation of acetone can be explained by the initial formation of acetonedicarboxylle 
acid and the decarboxylation of the acengee It would be impossible so explain the formation of acetone if the double 


bond were in the a -posidoa 
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ALKYLATION OF BENZENE BY BUTYLENES WiTH A CATALYST <— A BORON 
BASE 


Academician A. V. Topchiev, M. V. and ya, M. Paushkia 


In previous work (1,2), we showed that, {a the 2lkylation of beozene «sth propylene, a betca fluotide-orthoe 
phoxphotle acid catalyst had.greater activity thaa aluminum chloride, sulfurse acid, sulfurse acid-aluminum chloe 
tide complex, or boron fluoride monchydrate, Js the present aiticle is detailed an Investigation of the alkylation 

of benzene with dutylenes using a catalyst prepzred from 88.7% orthophosphoric acid and boron fluoride, The methe 
cd of preparation of a catalyst to be used with benzene and olefins is given in one of our previous articles[3). The ! 
eyperimental method and the ueatment of the reaction mixture has slresdy been reported (4); wherefore, We 

ceed directly 10 a consideration of the results of the investigation, 


TABLE 1 Jn Table 1 sre presented the experimental data 


Athyletion of Renzene by n-Butene with Different Caraiysts on the zlkylanon of benzene by a-butene with different 
— Catalysts; the experiments were camied out at SO, 


Composition [Yield ia % of 
of the imix- | theory 
ture of 
ene and alky- 
Jate, wt. % 


mole rano of benzene :9-butene of 2:1, and 15% 
¢ alalyst in the reaction mixture. From the data pree 
sented it is seen that the boron Muoride-containing 

- Catalysts are more effective, not coly for the alkylas 


Catalyst 


tion of btczene by propylene, but also for the alhylae 
S 2 of benzene by a-butene, Thus, under identies 
2 alkylaticn conditions, the H,PO,- EF; and 38.7% 
with a high contept of the desired product — sec -butyl- 
: benzene (the fraction beiling at 172-174°) ~ up to 
| 94%, while with AIC},, H-SO,, and AICI,- HSO, the 
sec -butylbenzene content was 68, 58, aad 44% ree 
H.O- EF, 38 3 | 93 87 . : 
AIC], 43 143 14 | 67) 15] In the experimeats, attention was directed chief- 
HSO, 47 429 46} 33 | 41 ly toward a clarific aticn of the dependence of alkylate 
H-SO, 45 136 ]19; 57] 31] compotitien on the mole ratic of benzene: butenes 
Sce-Buryltenzene | furthermore, the effsct of olefin addition rate, amount 


of catalyst, and reaction temperature on the alkylae 
tion process wes established, The results are preected in Tables 2 and 3, 


Effect of catalyst quantity. It was establithed by the tavertigation that during the alkylation of benzene by » 
isobytulene with a catalyst conceniretion of 2% by weight of the benzene charged, the principal reactioa {s polymere 
ization, although alkylation occurs, It proceeds considerably more slowly. Of the total amount ef isobutylene enters 
ing into the reaction, 60% went to polymerizatien, and only 40% went to alkylation. Increasing whe amount of 
cetalyst to 57> increased the alkylation rate considerably; in this case, 92% of the isobutylene went to alkvlation, 
With fursher increase in catalyst concentration, isoLutylene polymerization nearly ceased, and simultaneously an 
increase in the teit-butyl-benzene content of the alkylate was observed, thus, for catalyst concentraficns of 10, 15, 


and 257: the tert-buty]benzene content of the alkylate was 64, 67, and 71%, om 398 correspondingly, the ylelds 
of tert-butylbenzene were 49, 54, and 58%, 


The gencral rules developed for the alkylation of benzene by propylene and Iecbutylene with a phosphorie 
acid-beron fluoride catalyst also apply to alkylation with n-butene, 31 should be noted that olefin polymerization 


. eds to a lesser extent during alkylation with n-butene than during alkylation with fsobutylene, In this case, 
of catalyst sufficient to suppress polymerization, 


TABLE 2 


Alkylation of Benzene by Isobutylene with Orthophosphoric Acid-boron FluorideC omplex Catalyst 


TABLE 3 


Tert-butylbenzene 


Alkylation of Benzene by n-Betene with an Orthophosphoric Acid-bo:on Fluoride Complex 


Yield of frac-}, Yieid of frace 
tonsin % |e tions in % of | 
~ 
£ of theory theory 
3 § of 3 3 
2 =s ots 2 jo w]e ° g 
is Sig Jets be 18s | is 
i j . 
1 so 6 s | se! ag | 60 |s0 120 hea 15 }40 | 36 48 
2 so.,6 {2:1 no | sstar 354 420 2:1 | 
3 ps | tse jis [71] 20 | 64 71 . 
4 }6 | 63}26 | ss j71 [12 {15 [71 20] 65 18 
5 so fi2 fara fis | $0 20 j2-1 his {29 26 36 
6 so j2:1 | 59} 29 ss 167 [10 20 2,2 [18 (441 39- 31 48 
1 50 130 {118 | 55] 32 fis i2:1 j49 536] 45 60 
8 so $2.1 ss | 32 48 |s62 116 1 21] 63 16 


Experiment | Reaction |nButene addition} Mole ratio of ] Catalyst, | Yield of fractions, Total content 
No. tempera-] rate, hours”? C,H: C,H, of theory. of 172-174° 
ture,°C 130- | Above !172-174° fraction ia 
180° | 180° alkylate 


11 
12 


Sec-butylbenzene 


192 


93.4 
; 91.0 
92.0 


87.4 
87.7 
91.0 
91.3 


91.0 
91.0 
16.6 


79.3 
89.4 


9 

9.8 
8.3 
6.3 


81 
#1 
85 
85 


71 
19 


85 
85. 


14 
82 


Effect of olefin addition rate. An Increase in addition rate leads, as In propylene alkylation, to a decrease In 
the yleld and content of monoaikylbenzenes, thus, with an isobutylene addition rate of 15 Mters/ hour (40hours”'y, the 


91 
91 


| 3 
2 50 é 2:1 110 
3 2:1 1S 94 
So 2:1 25 94 
50 30 2-1 15 6.3 
3 | 50 20 11.8 88 | 
50 30 15 6.1 94 | 
10 30 2:1 15 14.9 83 
20 30 | 2:1 is | 1.5 91 : 


yleld of tert-bitylhenzene was ‘50% of theory and the content in the alkylate wes 64%, end for n-butene at 30 
_liter/ hour (60 hours~') the yield of sec-hutylbenzene was 717. of theory and the content in the alkylate was 82%, 


. Effect of mole ratio of components, An increase in the yield of monoalky]>enzenes can he obtained by Ine 
creasing the mole ratio of l:enzene; isobutylene. An increase in the ratio of benzene: fsobutylene from 131 to 
2:1 increased the yield of alkylate from 83 10 88% of theory and the content of tert-butylbenzene in the alkylate 
fiom 48 to 67 %; ata ratio of 4:1, the yield was 91% of theory and the tert-butylhenzene content of the alkyJata 
was 17%, A furthet increase in the mole ratio benzene: isobutylene had almost nc effect on the alxylation pro- 

cess; Ata ratio of 6: 1, the was 91% of and the tert-buty;senzene content of the alkylate | 


was 


“4 


Fig, 1. Distillation of alkylate obtained by alkyl- Fig. 2. Distillatica of the alkylate obtained at 8 
alfon of benzene with isobutylene (2:1). DMonoalkylation mole ratio of benzene: n-burene of 2:1. I) Mono- 
product (160-180° fraction); l)dizlkylation product 180- alkylation -186* fraction); 
237" a tion product /1$2-238° fraction). 


Comparing the alkylation of Senzene with propylene and with isobutylene, we note that the yield of propyl ‘ 
ene alkylate exceeds by 3-875 the yield of isobutylene alkylate and the isop:opy!>enzene content of the alkylate 
{n the individual cases exceeds by 40% (1:1) the tert-butylbenzene content. The yie'd of polyzlkylbenzenes dure 
ing isobutylene alkylation is two times, and in certain cases(6:1 and 8:1) 3-4 times, higher than during propyl- 
ene alkylatfon, This indicates the effect of molecular weight end structure of the olefin on the yield of reactlon 
. products, 


It is interesting that the yietd of alkylate was higher in the alkylation of benzene with n-butene than with 
isobutylene or propylene. The explanation of this could be that the rate of secondary alkylaticn fs slower for’ 
n-butene than for isobutylene or propylene, The yicld of alkylate is also affected by the considerable tendency of | 
iscbutylere toward polymerization, evidently, ia this case the d:fference in the rates of formation of alkylbenzenes 

and polymers {s small, and, therefore, polymer is found in the alkylate, 


Composition of products of the alkylation of benzene with butenes, — Alxylates obtained at mole ratios of 
tenzene: butene of 2:1 and 1:1 were used in the investigation of the compositoa of alkylate from buteng ce 
ton, Distillation curves of the alkylates are presented in Figures 1 and 2 


Alkylate obtained ata mole ratio of benzene, isobutylene of 2:1 ‘comprised 61.4% 6.1% 
intermediate fraction, and 32.17- of a fraction which was almost pure 1,4-di-tert-butylbenzene, The remainder 
of the isobutylene alkylate (boiling above 180°) comprised chiefly di-tert-butyi>enzene — 225 to 237° fraction,’ 
This fraction was subjected to tecrystallization to yield white crystals boiling 21 235-236 at 756 mm Hg, melting © 
at 78°, and having a molecular weight of 190; according to the literature 7S}, ese properties correspond to 
-di-tert-butyltenzene. The residue boiling shove 237° apparently comprised ¢i-te:t-butylbenzene and products of 
hy¢ro-dehyd:opolymerization of isobutykne. The formation of was not observed, 


The a}kylate from a-butene contained considerably more (947) monoalkyT-enzene than did the alkylate from 
isovutylene (67%) and even propylene (90,07). The alkylation of benzene with a-briene proceeded better than 


alkylat.on with propylene under the same conditions, the yicid of polymerization products and polyalkylbenzenes 
was insignificant, 


200 


Figure 3, Distillation of the fraction boiling above 
180° from the alkylation of benzene with n-butene 


Polymerization was not ¢oserved at a mole 
ratlo of benzene ;n-butenc of 2:1, aa alkylation 
temperature of- 50°, an olefin addition rate of 7 
liters/hour, and 23.4 g of catalyst, The residue 
from the distillation of the alkylate was a mixture 
of mono- and poly scc-buiylhenzencs, With the 
aim of determining the nature of the poly-sec- . 
butylenzene fraction, the fraction boiling above 
180°, obtained at a mote ratio of benzene; n- 
boutene of 1:1, was distilled (sce Figure 3). 4.3% 
of a.mono-sce-butylbenzenz fraction, 73.6% of 


- di-sec-butylbenzene fraction and 22.1% of an inter- 


mediate fiaction were obtained, 


ata mole ratio of 1:1, 


In order to obtain purer hydrocarbons, the di- 
sec-butylbenzene fraction (230-240) was washed with sulfuric aoe neutralized and again distilled; a fraction 

was oltained in 95% yield having b.p. 235-236°, 0.8580, nj} 1.4885, and a molecular weight of 190. Di-see- 
butylbenzene (1, 45, according to the literature [ 51, the following constants: d}° 0.8573 nb 1.4884; b.p. 237°. 


In order to determine the position of the alkyl groups, the fraction was oxidized with alkaline potassium 
permanganate, the y‘eld of oxidation products was 40%; oxidation with 257-nitric acid at 90-10% for 25 hours: 
gave 60% yield’ of white crystals which, after recrystallization, melted with decomposition at 300°. The di- 
methyl ether prepared from this dicarboxylic acid melted at 140°. Cther acids were not found, 


‘Thus, tt can he considered as demonstrated that the acid obtzined was terephthalic acid and that the original 
hydrocarbon was 


|, The 240-274° fraction and the material boiling above 274° was a mixture comprising di-sec-butylbenzene, 
products of the polymerization of n-butene, and, possibly, ui-sec-butylbenzene, Owing to the small amount of 
the fraction boiling above 274°, It was not possible to determine whether ul-sec-butylbenzene was present There- 
fore, an experlment on the alkylation of 1,4-dl-sec-butyibenzene with n-butene at 50° was conducted, The re- 
sults of the Investigation showed that, under these conditions, 1-4-di-sec-butylbenzene fs not alkylated by p- 
-butene, The reaction products were a complex mixture of hydrocarbons formed as a resuit of polymerization, 
of n-butene, and alsocracking, 
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SYNTHESIS OF PEPTIDES CONTAINING a -HYDROXY-a-AMINO ACID RESIDUES 


Associate Member of the Academy of Science USSR M. M. Shemyakia, 
| : G. A. Ravdel and E, S, Chaman 


It has Jong been known thata -hydioxy-g -amino acids, along with other amino acids, enter into the composl- 
on of the molecules of certain natural peptides (the majority of the ergoalkaloids, die antiblouc lycomarasmine) 
{1-3}. However, up to the present, the synthesis of peptides of this type has been difficult, since q@ -hydioxy-a -amino 
acids are practically ur.available owing to the absence of methods for their synthesis, Only after the recent discovery 
by us[4) and simultaneously by J, L. Knunyants and co-workers of a method for the synthesis of N-acylated a -hydioxy 
-@ -amino acids did 1t become possible to approach a solution of the question of a route for the inwoduction ofe- - 

thy dtoxy-a -amino acids Into peptides, 


With the aim of synthesizing peptides In which -hydioxy-a -amino are N-terminal amino acids, 
investigated the recently described method for the preparaticn of peptides through the so-called “activated estexe” 
[6] aud also by the well-known oxazolinone method, Both of these metheds permitted easy synthesis of the desired 
pepiides, which were prepared in the form of various derivatives according to schemes 1 and 2, 


Scheme 1 


Hs NH —COC Hg HR 


HOCH~CONHR 


then H,0 


NH—-COC,Hg 


(VY) 

In order to determine the applicability of the first of the above-mentioned methods, it was first necescary to 
study the possbillty of preparing sufficiently wetlvated esters of a -hydroxy-a -amino acids, This poss!billty was 
wring the carbethoxymethyl ester of N-benzoylhydroxyglycine (1). Attempts to prepare it from “benzoyl 
hydroxyglycine (1) and BrCH,COOEt under the coaditlons described for the carbethoxymethyl ester of hippuric acid 
[6] only ted to uncatlsfactory results the yield of ester (LD cid not excced 4-5%. However, this ester was success 
fully synthesized In considerably better yietd from 4-bromo-2-phenyloxszolinone-5-(1V), which, Ja tum, was pree 
pa:ed by bromination of 2-phenyloxazolinone-5 (4). Starting from the previously established fact [7] that 
cleavage of the oxazolinone ring of 4-bromo-2-phenyloxazolinone-51V) proceeds faster than substituticn of the 
bromine atom, it would be expected that ester (Il) would be formed in satisfactory yield by the action of 
HOCH,COOEt and then water on the oxazolinone, Actually, ester (IN) was synthesized by this means in 40% yield, 


Clarification of the possibility of using ester (II) for the synthesis of peptides and the study of reactloe condl- 
ons were Carried out with benzylamine, it was shown that the formation of the amide bond proceeds undes very 
mild conditions, and the amide (V2) was obtained in 86% yield, Formation of the amide bond was also easily schieved 
by the — action of esters of glycine and of phenylalanine on ester (IN), leading to the formation of derivatives of 
dipe puides (Wb) and(Ve), The latter was characterized by subjecting it to acid and alkaline hydrolysis, Poiling with 
cencenuated HCI for 4 hours led to cleavage to benzole, glyoxyle, and q@-amino acids, Upon agitation with 0.5¢ 
1 N NaOH at 20°, saponification of the ester group and rupture of the hydroxyamino acid residue resulted, but the 
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amide bond remained untouched resulting in the formation of N-glyoxylylamino acids which were fsolated in the 
form. of the 2,4-dinitrophenylhydrazoness 


HOCH~CONHCHCOOEt | 


—» O= CH-COMICHRCOOH + NH,COC,H, 


NH~COC,H,; 
R= H and CH,C,Hy 


The second method of introducing @ -hyd:oxy-a -amino acids {nto peptide molecules (through the oxazolinone) 
was studied using 4-tert-butoxy-2-phenyloxazolinone-S (VII), which was preparee by the usual method from the pre 
viously described (7) N- benzoyl -O-teit-butorxyglycine (VI), Conditions for the interaction of this oxazolinone with 
compounds containing an amino group were first investigated using amine, which resulted In the formation of anilide 


(VIlla). Reactions with esters of glycine and phenylalanine, leading to the formation of derivatives of peptides ( VIN) 
and(VIIId), proceeded under similar conditions, 


Scheme 2. 


re) 
(CH,),COCH-COOH (CH),COCH—CONHR 
Ac,O 
NH—-COC,H; N=C ~ NH-COC 
(vIn (Vill) 


Villa: R= C,H); R= CH,COOEt, 


; Ville; R= CH,COOH, 
Vilid, R= CH(CH,C,HJCOOft; Ville: R = 


Upoa alkaline hydrolysis(1 N NaOH, 20-25"), both of these compounds behaved differently from the sbovee 
describec derivatives of peptides of type (V) which contained an q@ -hydroxy-q -amino acid residue with a free hy- 
rox] wroup.In distinction from the later, with compounds of type (VIII) oaly saponification of the ester groups occurs 
red, owing to which the corresponding dipeptides with free carboxyl groups ( and{VIlle) were successfully 
lated. Compounds of the types (V) and(VII[) underwent the same acid hydrolysis, however, 


EXPERIMENTAL 


1. Preparation cf (Il), To § g of Ill) in 3C ml of cry dichloroethane was added dropwise, at 5-8°, 2.5 g of 


bromine in 7 ml of dichloroethane, The precipitated bromo Cerivative of (II) was filtered and washed with 15-20 

ml of dichloroethane [4, 7]. To the solution of (IV) was added, at 0-2°, over a period of 7-10 minytes, a olution of 

1.7 3 of HOCH,COOEt in 5 ml of dichlorcethane, and the mixture waz stirred at 0-2° for an hour. 15 ml of water was 
then added, the mixture was stirred for 20 minutes, and the dichloroethane solution was washed iwice with water, and 
evaporated under vacuum. The residue wasticntriiurated three times with water(8-10 ml) and once with 10 ml of 

jo NaHCO,, and the residue was then filtered and washed with ether. The yield was 1.75 g (407%); m.p, 99-22, 


The (il) thus obtained could be used for the synthesis of peptide: without further purification, The pure preparata:a 
(m.p. 111-113") was obtained by crystallization from water, 


Found %; C 55.58; H5.19; N 4.85 
Cy3H;,0,N. Calculated%: C 55.51; H 5.37; N 4,97 


2. Preparation of (Va). To 0.45 g of (11) In 3 ml of dry ethylacetate was added 0.17 g of benzylamine, and 


the mixture, with periodic stirring, remained at 2S" for 3 hours, The precipitate was filtered and washed with ethyl 
acetate, The yield was 0.39 g (86%); m.p. 152-153° with decomposition( from alcohol), 


Found 7%: C 67.79; H 5.62; N 10,08 
Cy4H,,0,N, Calculated%: C 67.58; H 5.66; N 9.85 


0,15 g of (Va) was stirred for 3 hours with 2.5 ml of 0,5 N aqueous-alcoholle NaOH; the mixture was acidified 


and filtered, and the benzylamide of glyoxylic acid was isolated as the 2 ei inc semana M.p, 135-187 
with decomposition (from alcohol), 
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: Found 9:3 © 52.55; H 3,82; N 20,34 
Calculated%: C 52.46, H 3.81, N 20,40. 


3, Preparation of (Vb), suspension of 0.45 g of NH,CH,COOEt in ml] of CH;CN was warmed for § 
minutes at 50° with 0,31 g of Et,N, The mixture was cooled to 20°, and 0.6 g of (II) was added; after standing, 
wiih periodic stirring, for 4 hours, it was filtered and evaporated to dryness under vacuum at 25-30°, The residue 
was Uiturated with 2 ml of water, filtered, and washed with water, The yield was 0.34-g sacle m.p. 127-12& from 

Calcvlated%: C 55.67, H 5.75; N 9.99 
0.48 of (Vb) was stirred for 2.5 hours with 3 ml of ) N NaOH, After filtering off 0.11 § (63%) of benzamide, 


N-glyorylylglycine was isolated from the acidified filuate as the 2, 4- ee Weight, 0,19 gy 
m.p. 214-215" (from 


C 38,90; H2.98; N2238 
Calculated: C-38.57; H 2.92; N 22,50 


' 4. Preparation of (Vc). 0.25 g of (II) was dissolved at 30-35° in 1.5-2 ml of dry ethyl acetate, 0.3 g of the 
B cthyl ester of phenylalanine was added, and the mixture was maintained for 16 hours at 20°, 3-4 ml of ethyl ace 
tae wat added, and the mixture was washed with 2% HCl, and water, dried with Na,SO,, and evaporated under 


vacuum, Compound({Vc) was an oi] which did not distill under vacuurn without decomposition, Upon alkaline hydroly- 


sg (stirring for 3 hours with 1 ml of 0.8 N NaOH), it formed glyoxylylphenylalaaine whick was isolated as the 2,4 
m.p, 198-206° with decomposition a}cohol), 


: Found %: C 50,90, H 3.76; N 17.78 
Cy3H;,0,N;. CalculaiedSs C 50,85; 3.76; N 17.45 


5. Preparation of (Villa). 0.5 g§ of the monohy drate of compound (V1) [7] was heated for 2 hours at 90-95° 
(bath temperature) with 10 mi Ac,O, The latter was distilled off undcr vacuum, and oxazolinone (Vil) was used for 
further prep3rations without purification, It was dissolved in 5 ml of dichloroethane, 0.35 ml of aniline was added, 
the mivture was warmed for 2 hours at 30-40°, filtered, evapocated under vacuum, and the residve titurated with 
ether, 0.15 9 (2573) of anilide (Villa) was obtained, it was crystallized twice more C,H,OH and twice from CH,OH. 


M.p. 176-177", 


Found %: 70,05; H6.69; N 8.75 
Calculated; C 69.93; H 6.79; N 8.58 


6. Preparation of (VIllc), Oxazolinone (VII) prepared from 1g of the monohydrate of compound (VJ) under the 
conditions of Experiment § was dissolved in 5 ml of dichloroethane, and 1.04 g HCl-NH,COOEt and 0.7 g EtsN fa 
10 ml of dichloroethane was added, On the following day, the precipitate was filtered off and washed with dichlores 
ethane; the solution was washed with water, 57 HCI, 47) N2HCOs, and again with water, dried with N3,SO,, and 
tveporated under vacuum, 0,35 g (28%) of compound (VIIIb) with an m.p, of 161-163° (from acetone) was obtained, 


Found %: C 60.90; H 7.26; N 8.37 
‘Calculated: Cc 60, 10; H 19, N 8. 32 


0.33 g of (VIIIb) was siticed for 3 hours at 25° with 4 ml of 1N NaOH. The resulting colorless acadlis were — 
filtered, acidified, and maintained at 2-3° for 8-10 hours, Peptide (VIlIc) was from water as the monoe 
hydrate with an m, of 104-109°, 


C 55.62s H 6.82; N 8,48 
H,0. Calculated 70%. $5.21; H 6.64; N 8.58 


7. Preparation of (Ville). Oxazolinone (VII) prepared from 1g of monohydrate of compound (VI) under the 
conditicus of Expesiment 5 was dissolved in S ml of dichloroethane, and 1,4 g of the ethyl ester of phenytsjanine was 
added, The next day, the solution was washed with $7 HCl and water, after which the dichloroethane was distilled 
off uncer vacuum, The remaining of] (compound VIIId) was hydrolyzed by stirring for 3 hours at 20° with 6 ml of 
1NNaCH, The solution was extracted with ether and acidified, The oil was separated, dissolved in 8% NaliCO,, 


ag3in scicified, and the berated viscous of] was mixed well with water, This operation was tepcaicd twice, Pepude - 


(Vite) was a solid matersal melting ac 64-68", 
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Found C 66.30; H 6.49; N6.91; mol, we/titration) 392 
Jalculated C 66.31; H 6,57; N 1.03; mol, wt, 398.4 
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2 PREPARATION OF POTASSIUM NITRODICHLOROMONOAMMINOPLATOATE 


D. Gelman and't. N. 


( Presented by Academician A. N. Frumkin, September 29, 1955) 


Potassium nitrodich!oromonoamminoplatoate, K[PtINH;CINO,C]}, has recently attracted the attention of in- 
vectigators in connection with work undertaken with the aim of establishing the quantitative nature of the tans- 


effect of individual substituents, especially after publication of the article by A. D, Gelman ana E, F, Karandashova, 


*The Reaction of Potassium Triacidoinonoamininoplatoates K[PMNH,C},X) with Pyridine®, {1} 


The authors studied the action of pyridice on the salts K[PUNH,CIXCI], formed according to the reaction 
K[PINH,C},) « KX = K[PINH,CIXC1} + KCI, without liderating the salts from solution, In order to remove all doubts 
as to the course of the reaction, it was necezsary to prepare the starting monoammine, particularly KI RNH,CINOCIL 
in the cry:talline form. The comesponding chloro and bromo monoemmines were easily isolated by these same 
authors, The synthesis of K[PNH,;CINO,Cl) has been atternpted by a series of investigators, but without success, Ree 
cently, we succeeded in obtaining this compound, Ks synthesis was canied out according to the following example, 


A 1.1627 g sample of potassium tichloromonoamminoplatoate, K[PtNHsCls], was dissolved in 30 mil of water, 
and the solution was heated on a water bath. To the heated solution was added 0.2242 g of NaNO, dissolved In the . 
minimum volume of water, The amount of NaNO, required foz the reaction was determined on the basis that 1 mole 
of NaNO, is required per mole of the s2)t K[PtINH;Cl,}. 


Immediately aficz the addition of the NaNQ,, the color of the solution changed from orange to light = 
indicating that the NO, group has been jatieduced into the inner sphere; 


K[PINH,Cl,] + NaNO, = K[P:NH,CINO,Cl} + NaCl, (A) 


inasmuch as K[PtNHyCINO.C]) and NaCl are both easily soluble salts, our fuither problens was the ‘Separation 
of the ion “Yin the form of the insoluble salt 


With this aim, we siaaled the solution with tetraamminoplatinum chloride, The reaction proceeded according 
to the equation 


2K [PINH,CINO,Cl} + [PUNH,),JC] = + 


and, as a result, a yellowich orange precipitate (1) was formed, It was filtered, carefully washe¢ with cold water, 
and dried, 1,0423 g of the salt was obtained, 


Found %: Pt 63.90; 63.46; 63.25; Cl 16,27 
Calculated %: Pt 63,54; C1 15,41 
Mol wt. 9216 


In order to convert the obtained salt (1) to potassfurn nitrodichloromonoamminoplatoate, it was necessary to 
Carry out an exchange reaction between this salt and potasdum chloroplatinites 
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In order to cbtain the pure salt (11), it was neces:ary to contro! strictly the ratio of the reacting substances 
during the exchange reaction, It was c2iculated that 0.8204 g of sait (1) required 0, 3698 g of KFICl,}. Salt(D 
was ground In an agate mortar with the precisely weighed amount of potassium chloroplatinite; the powder was 
then transferred to a beaker, and 3 ml of hot water was added to it, The potassium nitrodichloromonoammino- 
platoate (11), formed as a result of the exchange reaction, went into solution, but a green Magnus salt precipitated, 


After separation of the precipitate, the filtrate was evaporated with slight warming oa a water bath and then at 
room temperature, 


After evaporation for two days, a ycllow, sticky, lempy, solid substance remained in the dich, These 
lumps were moistened with alcohol and ground with a gtass rod, 


Asa result of repeatedly carrying out this operation, the material, was converted Into 3 yellcw cneiitien 


powder, The product obtained weighed 0.4710 g. It wat dried for 3 days over calcium mm orice in a desiccator, 
and was then analyzed, es 


Fourd %: Pt 50.64; 50.90; $9.68; Cl 18.85 
K(PtINH;CINO-Cl}-H,0. Calculated %: Pt $0.53; Cl 18,38 
Mol, wt, 386.3, 


The salt lost 2,097 ‘n weight in the drying cabinet at 110°, The theoretical loss of half the water of ; 
crystatlization i, 2.337, Upon standing in air, the agaia abvorbs mo'‘sture, and loses it on “rying. The loss 
of water proceeded very slowiy. The sait dried at 110° was analyzed, 


Found %: Fr 51,92; $1.99 
K Cal culated Pt 51.73 


Analysts of the salt dried at 150° gave: 


Found %: Pt 52.44; 52.71; 53.09; Cl 19.55 
nhydrous K[PINH, CINO.C1}. Calculated %: Pr $3.00; cl 19.28 


Thus, it can be concluded that the salt completely jozes water at 159°, but the substance begins to melt 
aithis temperature, The salt is easily soluble in wates, 


The action of pyridine on an aqueous solution of K{PtNH;CiNO;Cl] ylelds the cis-diammine 
(PyNO,NH,CIPt]— a white ery:tatiine material, The reaction proceeds according to the equation: 


NO, |. NO, 
Pt + Py= Pt + KCl 
cl cl Py ct ‘ 


0.4243 g of K[PtNH,CINO.Clj-*/; H,O was dis:olved in 10 m! of water and the calculated amount off 
pyridine wa; added (0.095 ml). Formation of a preespitate was initiated after about 5 minutes by rebding the 
wall of the beaker with a glass rod, “After 12 hours, the precipitate was we}) with cold water, 
and dned in a desiccator. The maternal obtained weighed 0.1684 g. 


Found %: Pt $2.13; $2.21; C1 9.43; 9.32 
[PyNO,NH,CIPt]. Calculated %: Pt $2.37; C1 9.52 


tn both compovition and properties, the compound app2ared to be identical with (PyYNO,NH,CIPt}, pre 


viously {1} obtained by the action of pyridine on the salt ne ee which was formed in solution by 
Reaction (A). 


This indicates, apparently, that the reaction of K[PtNH,CINO,Cl) with yfitiinn proceeds ia 3 completely 
analogous manner both with a solution of the salt which was previously 1,0lated ip the cry talline siate and with 
a solution obtained without previous separation of the salt in the solid form, 
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POLYMORPHISM OF BERYLLIUM FLUORIDE 


: D. F. Kirkina, Corresponding Member of the Academy of Science USSR 


A. V. Novoselova and Yu. P, Simanov 


In 1926, Goldschmidt {1} proposed the use of "structural models® for the study of the structures and trans- 
formations of complex oxides, particularly silicates, According to Goldschmidt, a satisfactory model {s a sub- 
stance having a formula analogous to the original substance and constructed from atoms or fons relatively close 
in dimensions and polarizing properties but differing in charge, Inasmuch as the Muoride fon has a radius almost 
€3val to that of oxygen but only half the charge of oxygen, many fluorides are twice weakened mo~-ls of oxides, 
Fluorides are characterized by lower hardness, lower refractive indices, and greater solubility than the core 

responding oxides. Owing to the closeness of the dimensions of the fons Be (0.34 A) and Si (0.39 A), on the one 
hand, and of fluorine (1.33 A) and oxygen (1.32 A), on the other, beryllium Muoride can sérve as a structural 
model of silicon dioxide, The first structural analogy of ber ium fizoride with silicon dioxide was discovered 
experimentally by Brandenberger(2}. He found that beryllium fluoride prepared by theiinal decomposition of 
(NH BeFy had a tetragonal lattice of the iow temperature cristodalite type with the parametess; a = 6.60 kX, 
b = 6,74 kX, and b/a = 1,02, 


During aa tnavestigation of the sysiern NaF — BeF, in our laboratory, a new modification of BeF;, having a 
hexagonal lattice analogous to low temperature quartz, was found [3}, The lattice parameters of this modifle 
cation are: a = 4.72 kX, b= 5,18 kX, and b/a = 1,10, 


Roy and coworkers [4] established that 2t 200° the low temperature quantzitic form of BeF, 1s converted 
- toa modification analogous to high temperature quaitz with a = 4.77 kX, b = 5.24 kX, 2nd b/a = 1.09, 


In the present work, we carried out a thermographic and x-ray investigation of tetragonal beryllium fluores. 
ide having the structure of cristobalite. We prepared the cristobalitoid BeF, by thermal decomposition of ame 
monizm fluoroberyllate using the conditions indicated in the work of A, V. Novorelova and M. Ya. Averkova 
[53 tn the thennal {nvestigation, we insened a platinum crucible containing the beryllium fluoride into a tighte 
ly closed stcel cylinder, which protected the preparation from molzture, Recording of the heating curve was 


carried out using a differential thermocouple in the pyrometer of N. S. Kurnakov. Magnesium oxide was used 
as the standard, 


The x-ray investigation of beryllium fluoride was carried out in phosphate glass capillaries, Bery]um 
fMuoride reacis appreciably with ordinary glass and with quamz glass, Having phosphate glass at our dfsposa} 
permitted carrying out the investigation of samples at up to 530%, High temperature exposures were made with 
2199.05 mm *Unicam® camera, A description of this camera is given in reference (6}, 


In Figure 1 is depicted the heating curve of the cristobalite form of beryllium Muoride, 


Distinct endothennic effects are observed at 130 and 545%. In additfon, an effect at about 400° was also 


observed on some of the thermograms, The x-ray investigation showed that conversion of tetragonal — into 
the cubie form occurred at 130% 


All of the lines of the new modification were Indicative “a a cuble, face-centered lattice with a = 6.78 kX, 
Z=8. This new modification of BeF, is analogout to the high temperacure form of cristobalite having 
a> 7,12 kX and Z = 8, In Table 1 fs presented a collecticn of the interplanar distances and facfal indices of 
the new modification of BeF, and B-cristobalite, 


As aleady stated above, on the heating curves of BeF, we observed, In certain cases, a thermal effect at 
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about 100°; however, the x-ray Investigation did not uncever any new modiileation, Only the Hncs of the cuble 
form of BeF, were present on the radfograms obtained at 400, 470, and 530°, 


‘Rw. 


Fig. 1. Heating curve of the cristoballte form | 
of BcF 


TABLE 1 

temperature cristobalite fonn | 

of BeF B -cristoballte 

Intensity ]d, found} d, Indices, Indices, 

cate. | d 

10 3.916 | 3.916 iff 4.442 Mf 
3 2.496 | 2.355 220 2.527 220 
6 1.959 § 1.958 222 2.072 222 
2 1.694 | 1.695 £00 41.78! 409 
4 4.558 14.55 | 331 41.639] 339 
2 1.365 1.255 422 1.456 422 
2 1.200 | 1.2% 44 1.262 440 
3 2-146] S31 91.204] 


The thermal effect observed on the heating 
curve at 545° corresponds to the beginning of melt- 
Ing of beryilium Muoride, BeF, ts hygroscopte, and 
therefore, It is Impossible to carry out an observation 
on the heating process In an open crucible, We ob- 
served the process of fusion of BcF, through the wall 
of a quariz ampoule, into which was inserted 8 
platinum crucible containing the beryllium fluoride, | 
The 2mpovle was heated In a crucible furnace, the 
ircernal surface of which was strongly illuminated 
by a lamp with a reflector, Observation showed that 
only a part of the beryliluin Muoride melted at 545°; 
the rhain mass of the material remained solld In 


_ spite of continucd heating of the fumace, A second 


melting proceeded at about 740°, but the melt ree 


“mained slightly turbid even at this tensferature, 


The stepwise melting process of beryllium 
fluoride indicates that the process of transformation 
of some modifications of fluoride procecds 
siowly; therefore, BeF, can be considered as a pseudo © 
one-component system, 


M. Y. Lomonosov Moscow 
State University Octoter 3, 1955 
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ALKYLATION OF BENZENE WITH AMYLENES USING A CATALYST 
BASED ON BORON FLUORIDE 


M. V. Kurashev, Academician A. V. Topchiev and Ya, M, Paushkfa 


‘In previous communications [1- 3+ we showed that the complex of onthophorphoric acid with boron fluoride 
has a high activity for the alkylation of denzene with propylene and butylenes, In the present investigation, & 
compound prepared by the saturation of 88.7% orthophosphoric acid with boron fluoride was used as the catalyst, 
It was established by us that saturation of aqueous orthophosphoric acid with boron Muoride results in the forme 
ation of two complex compounds— boron fluor‘de monohydrate and a complex of omhophosphoiie acid in BFy 
Preparation of the catalyst was casried out by the method usually wed in our investigations, Briefly, it included 
passage of purificd boron fluoride through molten crystalline orthophotphoric acid using a g)ass capillary, As 
ihe prepared complex became liquid, heating was discontinued and saturation was continued at 20°, The catalyst 
prepared under these contained §8,7% of the complex H,PO,* BF; and 11.37 boron fluoride mono- 
hydrate; its properties were; 1. S784; = 0.01029; cm"; viscosity ny = 16.96 st. sec.; boron fluoride 
content 51%, 


The benzene use ed in the reactions had the constants: m.p., ¢ 5.0°; b.p. 79-80°; d* 0.8782, ni? 1.5004; 
the S$-methyibuiene-i and the 2-methylbutene-2 were prepared by catalytic dehydration of isoamy] alcohol 
over granular aluminum oxide at 320-360°, 


In the dehydzation of the isoamy! alcohol over.activated alum!num oxide, 3-methylbutene-1, 2-methyl- 
butene-2, and 2-methyibutene-1 were formed; therefore, in order to prepare the pure olefins, the mixtue of 
amylenes wat treated at 0° with 75% suifprie acid [4], 3-methylbutene-1, which is inceluble in 75% sulfuric acid, 
remained in the upper layer which was separated from the lower, treated with a 20% solution of scdium hydioxe 
ide, washed with water to a neutral reaction of the wash water, dried over calcined calcium chloride, and dis- 
tilled in a columa abo 20 theoretical plates, A fraction was collected at 19-20°, 753 mm Hg, which had the 
following constants: ¢,6274: 1.3461; MR 24,88, caiculated for 3-methylbutene-1 24,90; literature 
data (5} b.p. at 760 Hig 20.6°; 0,6272; 1.3643, 


From the lower (acid) layer, after.:aponification, was taken a fraction beiling at 37-38*, 753 mm Hg, 
which was redi tilled over metallic sodium in a column having 20 theoret:cai plates; the olefin prepared by this 
means had the following censtants: d.p. 37-35° (753 mm Hg); 0.6595, 1,3863; found 24.93, caiculated 
for 2-methylbutene-2 24.95; literature data [5): b.p.38.5°(760 mm Hg); 0,€620; np 1.3869, A companson 
of the experimental data with the Hterature data leads to the conelusion that the amylene with a b.p, be 19-20° 
(753 mm Hg) wa: 3-methylbutene-1, and that with a b.p, of 37-38" was 2-methy]butene-2, 


The {nvesngation of the alkylation of benzene with amylenes was carried out In a gla:s three-necked flask 
having a volume of 0,5 liter and fitted with a reflux condenser, a stirrer, and a capillary for the fatroductioa 
of the olefin. The unreacted olefin waz codlected in a gascmeter, The reaction mixture ¢ obtained after separation 
of the cataly:t layer was treated in the usual manner, 


The first experiments were cared out at a benzene-to-olefin ratio of 2:1, 2-methyibutene-2 as the 
olefin, a temperature of $0°, olefin addition time of 1,5 hours, and time of additional : surring of Lhour, 78g 
of benzene, 35 g of 2-methyibutene-2, and 11,7 g of catalyt yee ued in pe reaction, and this yielded 43.6 g 
of.a fraction boiling up to 180°, an 4 g of a 180-216° fraction (d,° 0.8746; ny 1.4549), and 24 g of a fraction 


boiling above 210° 0.9463, n 4830), The y.e:d of aihylate (the fraction betling above 130°) was 87.6% 
of theory, 


TABLE 1 t From the 180-210° fraction was scpare 
ated, In 90% yleld, a 189-191° fraction have 
Total Content of Obtained at a Mole Ing 0.8735, 1.4951; from the fraction 
Ratlo of Benzene to 2-Methylbutenc-2 of 2;1 boiling above 210° was separated, In 93% 
Reaction Compositien | ny Broinine yleld, a fraction boiling at 258-260° having 
product in weight % number a’ 0.8500; nit 1.4240, The Inability of these 
Alky)-| Poly- hydrocarbons to undergo the nitration 
ate alkyl- reaction of M. I. Konovalov (6) indicated the 
absence in the alkyl] group of a hydrogenon 
the carbon atom directly connected with the 
pheny! group. . 


Tert-amyl- 
benzene 0.8735} 1.4951 
Di-tert-amyl- Nitration of the fractions indicated 


venzene 0.8500] 1.4840} that mainly mono- and di-tert-amylbenzenes 
Residue boil- . were formied by the alkylation of benzene with = _ 

ing above 2-methylbutene-2, 

290° - 1.5 4.0 | 0.8303] 1.4601 


Total 100.0 |100.0 


The intermediate fractions were mix- 
tures of mono- and di-tert-amylbenzenes and 
also hydropolymers with the alkylbenzenes, 


Under the conditions of the reactions, neither destruction nor {somerization of the 2-methyIbutene-2 oce 
curred, and, therefore, alkylaticn led mainly to the formation of only tert-amylbenzenes, Aga hee 


TABLE 2 | : 
Alkylation of Benzene with 3-Methylbutene-1 by Means of an Orthophosphorie Acid — Boron Fluoride Complex . 


Yield of fractions 
in %of theory 


210° 


~ 


Mole ratio, 
Csllyy 
“Total cone 


ate, 


Reaction 

temp,, °C 

Olefin ad- 


No. 


4 


Note; In the third column the first 
figure gives the time for additioa 
of 35 g of olefin, and the second 
gives the stirrlag time for the ree 
action mixture after the addition 
of the olefin, 


SESS 


SSS 


‘With the alm of defining more accurately the structures of the tert-amylbenzenes, the 189-191° fraction 
was subjected to hydrogenation, The products obtained —_ distllied, whereupon there was separated In 99% 
‘yleld a fraction boiling at 198-199° with dj? 0.8285 and ny 1.4547, according to literature data 
corresponds to tert -ainylcyclohexane having bo, 193- 195%, dy 0.8196, nf 1.4510, 


=O 9 
| 
| 2:1°} 10 | 52 | 35 | 46 | 60 ~ 
¢:54-41 2:1 1 20:1 1 
1.541] 2:1] 25 | 6: | 30 | 5&6 | 67 (2 ae 
5 641] 2:41.95 | so | 31 7] st 66 
8 2.541] 2:1 | 53 | 31 | St | 65 
7 0.541] 2:4 15 | 53 | 34 | 47 | 68 
10 1.541] 2:11.15 | 48 1 37 | 42 1 56 
i! 1.5441] 2:14] 15 | 65 | 25 | ] 78 
42 1.544] 14:11 45 | 33 |] 46 | 29.2) 42 
13 1.544] 2:41 48 | SS | 37.1 49 1 
14 1.541] 3:11] 15 | 57 | 32.5) 64 
15 1.541] 4:11 15 | 59 | 30.2) Si.7] 68 
16 1.541] 8:1] 15 ] 65 27.0 57.0 70 
204 ; 


For purposes of we synthesized tert-amylcyclohexane from p-tert-amy pheno) by hydro= 
genation to p-tert-amylcyclohexanol which was dehydrated, and the resulting product was subjected to hydro- 
genation, The hydrogenation product was aging ina pera having 20 theoretical plates; the main mass of 


the hydrocarbons distilled at 198-199° ard had dq? 0.8289, nD 1.4547, 


With complete assurance, it can be asserted that the 189-191° fraction of the hydrogenation product, and . 
also the product synthesized through p-tert-araylphenol were Consequently, the 189-191° 


fraction was tcrt-amyIbenzene (2-pheny]-2-methy]butane), 


The alkylation of benzene with 3-methylbutene-2 by means of 88.7% HPO: BF, +4. 11.37 H,O- BF, also 
leads to the formation of tent-amylbénzenes; Freparations of such alkylbcnzenes is possible owing to lsomer- 


ization of the original 3-methylbutenc-1 {nto 2-methyloutene-2, which apparently occurs in the alkylation | 
rocest, 
The {somerization of the expected product, into 2- 


does not take place, There was available to us 2-phenyl-3-methylbutane having dy’ 0.8790, nD 1.4882, and 
50 g of this material together with the HyPO,- BF, catalyst (23.4 g) was charged toa 0,25-Iiter three-necked 
flask, and the mixture was vigorously stirred for 5 nours at 50°, The reaction mixture was then washed with 
"water, a 20% solution of sodium hydroxide, and again with water to a ncutra) reaction of the wash water, after 
which ft was distilled over sodium; the main mass of the product boiled at 185-166° and had dj° 06,8792, and 

n= 1.4881, The density and the refractive index of the original hydrocarbon and those of the iinet ob- 
tained after the treatment of the 2-pheny]-3-methyIbutane with EF, catalyst agreed closely; oxidation 
geve-benzoic acid, and nitration by the method ef M. L Koneysilov [6] gave a tertiary nitro Compound, 
sequently, the alkylbenzene obtained was the original, unchanged 2-phenyl-3-methylbutane, 


‘TABLE 3 The conditions invest!gated for the 
alkylation of benzene with 3-methyt- 
butene-1 had no effect on the type of 

alky!benzenes formed; the formation of 

Reaction products} Composition _ [Bromine only tert-amylbenzenes was detected {na 

in weight % number als cases, : 

Alky> Poly- 

ate alkylate 


Total Content of Alkylbenzenes Obtained at a Mole Fatlo 
of Benzene; 3-methyl]butene-1 of 1:1 


In the experiments, 35 g of amylenes 

was used, the amount of benzéne varied 
Tertzamyle See Dee depending on the mole ratio, and the 

benzene 0.8784) 1.4951 ; amount of catalyst varied from 7,8 to 19. g, 
Di-tert-amyle ‘rhe effect of temperature on the alkylatioa . 

benzene 0,8500} 1.4840 of benzene with amylenes was Investigated 
Residue boiling in the range 0 to 80°, An increase in 

above 250° 2.6 0.8265] 1.4569 temperature caused an Increase in the yleld 
mono-tert-zmyl!benzene and a decrease 
Total 100.0 in the yield of di-tert-amyibenzene, Thus, 
if the yields at 6° oftert-amylbenzene and 
di-tert-amyTbenzene were, respectively, 42 and 47% then at 80° the yields became 71 and 25% The — of 
the investigation are presented in Table % 


: The composition of the alkylate, as {n alkylation with propylene, isobutylene, and chai depends chief 

ly on the mole ratio benzene; olefin, If at a ratio of benzene to 3-methylbutene-1 of 1; 1 the alkylate contains 
27 tert-amylbenzene, then at a ratio of 2:1 its content becomes 63%, further Increase in the ratio benzene 

: olefin insignificantly Increases the content of tert-amylbenzene, which becomes 70% at 8:1, 


At benzene; amylene ratios greater than 2:1, the alkylate practically consists of tert-amylbenzene and 
di-temt-amylbenzene, The content of di- -tert-amylbenzene increases from 30 to $5,.4% at ratics of 8;1 and 
1:1. respectively, and Is greater than the polyalkylbenzene content in alkylation with propylene, n-butene, and — 
isobutylene, Here, to a greater degree. in the yleld and composition of the mono-alky]benzenes and polyathyle’ 
benzenes $s indicated the effect of the size and structure of the alkyl group, 


The alkylates obtained at high amylene addition rates and low benzene: amylene ratios contained peodocts 
of the polymerization and hydrodchydropolymeyization of 2-methylbutene-2 and 3-meshyIbutene-1, 


205 


The alkylation of benzene with amylenes shows that tn thfs reaction the complex of orthophosphoric acid 
and boron fluoride possesses high alkylating activity, 
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